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PREFACE 


Kotwithsta^tding tlie numerous books on Organic Chemistry which 
are from time to time appearing, ‘the author feels that there is still 
room for a volume which approaches the subject from a somewhat 
different standpoint. Instead of following the normal course, he has 
endeavoured to present a comprehensive account of the reactions of 
typical groups essentially from the point of view of laboratory 
practice. He has also endeavoured, wherever possible, to indicate 
the limitations of the so-called “ general reactions.” As a logical 
development of the h^eatmifent herein adopted, an appendix has been 
included on the identification of Organic Compounds. 

In conclusion, the author acknowledges with pleasure the assist- 
ance which he has received from the Eev. Dr. A..J. Cooper, F.I.C., 
formerly headmaster of Solihull School, wha has read the whole of 
the manuscript and helped with many useful suggestions. 
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HYDfiOCAEBONS 


(!) Paraffins, cycZoHEXANE, Olefins, and Acetylenes 

(l)a. Paraffins. 

(1) b. c^cZoHexane. 

(2) . Olefins. 

1. Addition of Hydrogen. 

2. Addition of the Elements of Water. 

3. Addition of Oxygen and Hydroxyl. 

(a) Formation of Glycols and Ethylene Oxides. 

[h) Formation of Ozonides. 

4. Addition of Halogen. * 

o. Addition of Halogen Hydrides. 

6. Addition of Hypochlorous, Hypobromons, and Hypoiodous Acids. 

7. Addition of Mtrosyl Chloride and Oxides of Nitrogen. 

8. Other Additive Eeactions. 

9. The Influence of Structure and other Factors on Additive 

Reactions. 

10. Isomerisation of Unsaturated Compounds, 

(3) Acetylenes. 


(l)a. Paraffin Hydrocarbons. 

The saturated open-chain hydrocarbons are distinguished from 
unsaturated and aromatic hydrocarbons by their inertness towards 
cold concentrated or fuming sulphuric acid. It is thus possible to . 
separate the constituents of a mixture of parafBns and aromatic 
hydrocarbons by shaking it with cold fummg sulphuric acid (16%), 
the paraffins remaining undissolved. Sulphuric acid forms a 
separate layer containing the sulphonic acids of the aromatic hydro- 
carbons. The undissolved hydrocarbons should be submitted to a 
further treatment with fummg sulphuric acid and then washed with 
alkali and water. 

The prolonged action of hot concentrated sulphuric acid on the 
paraffins leads to substitution. The normal paraffins appear to be 
the most resistant, for, even after very lengthy treatment, the 
amount of sulphonic acid formed is comparatively small; hydro- 
carbons with branched chains are attacked more readily. This 
appears to be a general rule, for paraffins with branched chains react 
more readdy with chlorosulphonic acid than the normal hydrocarbons 
(Young, J., 1899, 75, 172). Hydrocarbons with unbranched chams 
are also less reactive towards concentrated nitric acid than the iso- 
and tertiary paraffins. Thus the rmmal paraffins are unacted upon 
at room temperature; even after a prolonged heating at 100° the 
greater, part of the paraffin can be recovered unchanged (Francis and 
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Young, 1898, 73, 928; Markovnikoff, Ber., 1899, 32, 1441; J.* 
pr. Chem.^ 1899, [ii], 59, 556; compare Worstall, Amer, Chem. J., 
1898, 20, 202, 665; 1899, 21, 219). Tertiary paraffins, however, are 
oxidised comparatively readily by fuming nitric acid yielding fatty 
acids, carbon dioxide, and small amounts of nitro- compounds. 
7:.<?oPflrfl. fRns — of not too low boiling point — are partly oxidised and 
partly nitrated by heating under reflux with fuming nitric acid 
(Markovnikoff, loo, cit. ; Francis and Young, loc. cit. ; Konovaloff, 
J. Russ, Phys, Chem, 8oc„ 1906, [i], 38, 109, 124). 

The introduction of nitro-groups into paraffins is best effected by 
heating in sealed tubes with dilute nitric acid {d 1-07 — 1*15) at 
110 — 120°. For details see Konovaloff {loc, cit.). 

The nor'tnal paraffins are not easily oxidised and are indifferent to 
cold neutral, alkaline, or acid permanganate and to cold chromic acid. 
Even on heating, the oxidation proceeds but slowly and with diffi- 
culty. Recently, a considerable amount of attention has been 
directed to the oxidation of paraffins by air, oxygen, or nitrous fumes. 
Thus, Wood and Francis (J., 1927, 1897) found that triacontane 
oxidised at 95° by a stream of air during 400 hours gave a mixture 
of unchanged hydrocarbon, fatty acids^, secondary alcohols, and 
ketones. The acids were present largely as esters and amounted 
approximately to 65% of the product. For descriptions of the 
products and the experimental conditions for oxidation of paraffin 
wax see Francis (J., 1922, 496), Francis and Gauntlett {ibid., 1926, 
2377), Franck {Chem. Zeit., 1920, 44, 309), M. Bergmann {Z. a^igeiv. 
Chem., 1918, 31, 69), Kelber {Ber., 1920, 53, 66), Grxin and Ulbrich 
(Z. arigew. Chem., 1923, 36, 125), Granacher {Ilelv. Chim. Acta, 1920, 

3, 721), Granacher and Schaufelberger {ibid., 1922, 5, 392). 

Bromine and chlorine react very slowly with the paraffins to form 
substitution products, but the reaction can be accelerated by the 
addition of halogen carriers such as iodine, antimony chloride, iron 
powder, or aluminium. The rate of substitution is also favoured by 
exposure to sunlight. 


%/ (l)b. oydloHexane and its Homologues. 

These hydrocarbons, containing a saturated ring of six carbon 
atoms, resemble the paraffins in their indifference to cold nitric and 
sulph^c acids. By warming with fuming nitric acid on a water- 
bath for several hours, cycZohexane is oxidised with the formation of 
a mixture of glutaric and adipic acids ; a small amount of succinic 
1 produced (Markovnikoff, Annalen, 

60^ /). The nitration of ci/cZohexane can be achieved by 
hydrocarbon in a sealed tube with dilute nitric acid 
Iti temperatures of 105-115°, but it appears that 

even under these conditions small amounts of adipic acid are formed 

iWng sulplinrie aoid (13—20%) Las Uttle action on cjiciohoiaiie 
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at room temperature if the contact is not unduly prolonged. The 
aromatic hydrocarbons under these conditions readily form sulphonic 
■ acids ; consequently ct/cZohexane and its homologues can be freed 
from associated aromatic hydrocarbons by treatment with 15% 
oleum. Prolonged contact with the acid must be avoided in such a 
separation, otherwise dehydrogenation of the cyclohexane may occur 
with the formation of an aromatic hydrocarbon and subsequent 
formation of a sulphonic acid. Thus, Menschutkin and Wolff {ColL 
Czech, Chem. Comm., 1930, 2, 396) found that by shaking cyclohexane 
at 25° repeatedly with fresh portions of 25% oleum, the cycZohexane 
was gradually converted into benzenesulphonic acid with the simul- 
taneous formation of sulphur dioxide and some tar. H. Meyer 
(Annalen, 1923, 433, 350) also records that methylcycZohexane can 
be converted into p-toluenesulphonic acid by the prolonged action 
of concentrated sulphuric acid at 100°. In this comiection it is 
interesting to note that the dehydrogenating action of warm concen- 
trated sulphuric acid was employed by Baeyer {Annalen, 1873, 166, 
325; Annalen SjpL, 1870, 7, 23) to convert hexahydromellitic acid 
into tri- and tetra-carboxylic derivatives of benzene. 

Dehydrogenation of oyaloHemne. 

A number of methods have been described for converting cycle- 
hexane and its derivatives into aromatic compounds. The action of 
an excess of bromine and some aluminium bromide or chloride at 
room temperature on homologues of eyeZohexane results in simul- 
taneous dehydrogenation and bromination with the formation of tri- 
and tetra-brominated aromatic hydrocarbons. By this method 
identification of the polymethylcycZohexanes without ambiguity is 
possible, the alkyl groups being undisturbed during the reaction 
(Konovaloff, J, Russ. Phys. Chem. Soc., 1887, 1, 255 ; Markovnikoff, 
Compt. rend., 1892, 115, 440). A process, which allows the estim- 
ation of eyeZohexane in presence of paraffin hydrocarbons, consists in 
the catalytic dehydrogenation by passing vaporised hydrocarbons 
over finely-divided platinum or palladium kept at about 300° 
(Tausz and Putnoky, Ber., 1919, 52, 1575; compare Zelinski, ibid., 
1912, 45, 3678 ; 1923, 56, 787, 1718 ; Zelinski and Pavloff, ibid., 
p. 1249), Recently selenium and sulphur have been used with ' 
considerable success for dehydrogenation of reduced aromatic 
hydrocarbons, in particular di- and tri-cyclic compounds (Ruzicka 
and J. Meyer, HeZv. AeZa, 1921, 4, 505 ; 1922,5,581; Ruzicka, 
Meyer, and Mingazzini, ibid., 1922, 5, 345 ; Diels, Gadke, and Kord- 
ing, Annalen, 1927, 459, 1 ; Harvey, Heilbron, and Wilkinson, J., 
1930, 423 ;. Heilbron and Wilkinson, ibid., p. 2537). 

(2) Olefins. 

In contrast to the saturated hydrocarbons, which are compara- 
tively stable and show no tendency tow^ards the formation of 
additive compounds, hydrocarbons containing double bonds are 
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reactive, forming additive compounds with a variety of reagents 
and being sensitive to oxidation. It is therefore comparatively easy, 
under all normal conditions, to detect the presence of unsaturation. 
Thus, while paraffins and aromatic hydrocarbons are not affected by 
cold aqueous permanganate, the olefins are oxidised with the dis- 
charge of the colour of the permanganate and the production of 
brown manganese dioxide. This test is due to Baeyer {Annalen, 
1888, 245, 146), and, taken in conjunction with other reactions, 
enables a distinction to be made between olefins and saturated com- 
pounds. This test can also be applied to detect the 2 >resenco of 
unsaturation in acids; >CH'OH or — CHO groups are usually 
attacked slowly by cold neutral permanganate, so that the presence 
of double bonds in aldehydes and alcohols is indicated by the rapidity 
with which the permanganate is decolorised. 

Other reagents have been suggested for the detection of unsatur- 
ation. Baeyer and Villiger (Rer., 1900, 33, 2496) have proposed the 
\use of a solution of potassium persulphate in sulphuric acid tinted 
/with permanganate. This reagent gives no reaction with pure 
paraffin hydrocarbons, but attacks olefins and benzene and its 
homologues. It is also stated to oxidise eyeZohexano slowly, 
i Tetranitromethane has also been proposed as a reagent for the 
' double bond, as it gives a brown or yellow coloration with unsaturated 
compounds (A. Werner, Rer., 1909, 42, 4324). It is, however, 
extremely sensitive, and most specimens of paraffin hydrocarbons 
give colorations, owing to the presence of traces of impurities. These 
last two tests would appear to be more suited to the detection of 
small amounts of unsaturated compounds in paraffin hydrocarbons. 

The principal reaction of unsaturated linkages is the ability to 
combine additively with a large variety of substances resulting in the 
formation of saturated compounds. 


1. Addition of Hydrogen, 

The combination of a double bond with hydrogen can be achieved 
' ^ catal 3 rtic methods involving the use of molecular 

^ hy^ogen or by the action of a suitable reducing agent such as sodium 

^ tydriodic acid and amorphous 

method of hydrogenation may be considered, as far 
as tec^que is concerned, as of two distinct types ; (a) hydrogen- 

S Bvte™ liydrogenatioSn the liqufd phlse. 

is mLed St 'vaporised substance to be reWcod 

K^ed mth hydrogen and led over finely-divided nickel or some 

at the appropriate temperature This 
iS’lM il27- S’lS 132. 210, 566, 1254; 

red„otlT,SS,StSXpoSi,““roarS; i" *!“ 

sach a. piece, of engl.eed e»iftep™i, el„ooal, fSer?eSS!w 
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been used as supports with good effect. The catalyst is prepared by 
impregnating the support with nickel oxide and then reducing. 

Preparation oj the Catalyst . — Small pieces of ptunice, purified by boiling with 
concentrated nitric acid and then washing with water, are stirred with a 
concentrated solution of nickel nitrate, and the mixture is evaporated to dry- 
ness in a porcelain dish with constant stirring to ensure an even mixture. The 
amount of nickel nitrate taken should be such that the catalyst will contain 
approximately 20 — 40% of nickel. 

The dried mixture is transferred to a nickel dish and heated over a free flame 
imtil the nitrate is completely decomposed. The mass is then introduced into 
a hard glass combustion tube, freed from air by a vigorous current of hydrogen, 
and then heated at about 300-400° in a stream of hydrogen till reduction of the 
oxide to metal is complete. It is then cooled in hydrogen and is used directly 
for reduction. 

Preparation II . — ^Hydrated nickel nitrate (75 g.) is dissolved in water and a 
paste made by adding about 60 g. of carefully purified kieselguhr. (The guhr is 
purified by boiling with concentrated nitric acid, and then several times with 
water, subsequently filtering and draining.) To the paste an excess of sodium 
carbonate solution is added and the mixture boiled for a short time. After 
settling, the supernatant solution is decanted ofl and the residue washed 
several times with hot water till free from alkali. It is then drained on a 
funnel and dried in a porcelain dish on a steam bath. The powder so obtained 
is introduced into a hard glass combustion tube and reduced to the metal in 
the manner previously described. 

A similar process can be employed for the production of finely-divided nickel 
on other supports such as pumice, animal charcoal, etc. 

The reduction is effected by passing the raporised substance mixed 
with hydrogen over the catalyst maintained at a suitable temper- 
ature. If the substance is a gas, it is only necessary to mix it 
with an excess of hydrogen before leading it into the tube. With 
liquids it is usual to pass hydrogen through the substance maintained 
at a temperature sufficiently below its boiling point that it vaporises 
readily without boiling. 

After leaving the tube, the product is collected by cooling with 
w^ater or air. If volatile, special apparatus cooled in ice and salt, 
solid carbon dioxide and ether, or even liquid air may be required. 

The temperature of reduction is dependent on the nature of the 
substance, ethylene and its homologues being reduced at 120 — 150° ; 
aromatic hydrocarbons require a temperature of about 200°. The 
method has also been used for the reduction of unsaturated ketones 
and aldehydes, as w^ell as for the reduction of aldehydes and ketones 
to the corresponding alcohols, and of nitro- compounds to amines. 

(6) The catalytic reduction of unsaturated compounds can also be 
effected in the liquid state by hydrogen in presence of a catalyst. 
Finely-divided nickel has been extensively used in this way for the 
technical hydrogenation of unsaturated fats and oils. The method 
can also be used on a laboratory scale for the reduction of olefins, 
unsaturated acids, alcohols, azomethines, etc. The most generally 
applied processes are, however, those using colloidal platinum or 
palladium as catalyst. 

The laboratory apparatus used for catalytic reduction consists 
essentially of a container for the hydrogen, and a hydrogenation 
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reactive, forming additive compounds with a variety of reagents 
and being sensitive to oxidation. It is therefore comparatively easy, 
under all normal conditions, to detect the presence of nnsaturation. 
Thns, while paraffins and aromatic hydrocarbons are not affected by 
cold aqueous permanganate, the olefins are oxidised with the dis- 
charge of the colour of the permanganate and the production of 
brown manganese dioxide. This test is due to Baeyer {Ajinalen, 
1888, 245, 146), and, taken in conjunction with other reactions, 
enables a distinction to be made between olefins and saturated com- 
pounds. This test can also be applied to detect the presence of 
unsaturation in acids; >CH*OH or — CHO groups are usually 
attacked slowly by cold neutral permanganate, so that the presence 
of double bonds in aldehydes and alcohols is indicated by the rapidity 
with which the permanganate is decolorised. 

Other reagents have been suggested for the detection of unsatur- 
ation. Baeyer and Villiger (Rer., 1900, 33, 2496) have juoposed the 
|use of a solution of potassium persulphate in sulphuric acid tinted 
/with permanganate. This reagent gives no reaction with pure 
” paraffin hydrocarbons, but attacks olefins and benzene and its 
homologues. It is also stated to oxidise c^/eZohexane slowly. 

I Tetranitromethane has also been proposed as a reagent for the 
' double bond, as it gives a brown or yellow coloration with unsaturated 
compounds (A. Werner, Ber„ 1909, 42, 4324). It is, however, 
extremely sensitive, and most specimens of paraffin hydrocarbons 
give colorations, owing to the presence of traces of impurities. Those 
last two tests would appear to be more suited to the detection of 
small amounts of unsaturated compounds in paraffin hydrocarbons. 

The principal reaction of unsaturated linkages is the ability to 
combine additively with a large variety of substances resulting in the 
formation of saturated compounds. 


1. Addition of Hydrogen, 

The combination of a double bond with hydrogen can be achieved 
‘ catalytic methods involving the use of molecular 

^ y^ogen or by the action of a suitable reducing agent such as sodium 
^ phospSS ^ h-ydriodic acid and amorphous 

The catalytic method of hydrogenation may be considered, as far 

as technique is concerned, as of two distinct types : {a) hydrogen- 

(-a? Bv hydrogenation in the liquid phase. 

[a] By the former method, the vaporised substance to be reduced 

otS^StSt Sf^ finely-divided nickel or some 

^talyst mauvtamed at the appropriate temperature. Thi.s 

W Senderens {Compf. 

S’m il27- 210, 566, 1254; 

NiekS^’sunoo^tiX if®’ developed by them. 
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been used as supports with good effect. The catalyst is prepared by 
impregnating the support with nickel oxide and then reducing. 

Preparation of the Catalyst . — Small pieces of pumice, piarified by boiling with 
eoneentrated nitric acid and then washing with water, are stirred with a 
concentrated solution of nickel nitrate, and the mixture is evaporated to dry- 
ness in a porcelain dish with constant stirring to ensure an even mixture. The 
amount of nickel nitrate taken should be such that the catalyst will contain 
approximately 20 — 40% of nickel. 

The dried mixture is transferred to a nickel dish and heated over a free flame 
until the nitrate is completely decomposed. The mass is then introduced into 
a hard glass combustion tube, freed from air by a vigorous current of hydrogen, 
and then heated at about 300-400° in a stream of hydrogen till reduction of the 
oxide to metal is complete. It is then cooled in hydrogen and is used directly 
for reduction. 

Preparation II . — ^Hydrated nickel nitrate (75 g.) is dissolved in water and a 
paste made by adding about 60 g. of carefully purified kieselguhr. (The guhr is 
purified by boiling with concentrated nitric acid, and then several times with 
water, subsequently filtering and draining.) To the paste an excess of sodium 
carbonate solution is added and the mixture boiled for a short time. After 
settling, the supernatant solution is decanted off and the residue washed 
several times with hot water till free from alkali. It is then drained on a 
funnel and dried in a porcelain dish on a steam bath. The powder so obtained 
is introduced into a hard glass combustion tube and reduced to the metal in 
the manner previously described. 

A similar process can be employed for the production of finely-divided nickel 
on other supports such as pumice, animal charcoal, etc. 

The reduction is effected by passing the vaporised substance mixed 
with hydrogen over the catalyst maintained at a suitable temper- 
ature. If the substance is a gas, it is only necessary to mix it 
with an excess of hydrogen before leading it into the tube. With 
liquids it is usual to pass hydrogen through the substance maintained 
at a temperature sufficiently below its boiling point that it vaporises 
readily without boihng. 

After leaving the tube, the product is collected by cooling with 
water or air. If volatile, special apparatus cooled in ice and salt, 
solid carbon dioxide and ether, or even liquid air may be required. 

The temperature of reduction is dependent on the nature of the 
substance, ethylene and its homologues being reduced at 120 — 150"^ ; 
aromatic hydrocarbons require a temperature of about 200®. The 
method has also been used for the reduction of unsaturated ketones 
and aldehydes, as well as for the reduction of aldehydes and ketones 
to the corresponding alcohols, and of nitro- compounds to amines. 

(6) The catalytic reduction of unsaturated compounds can also he 
effected in the liquid state by hydrogen in presence of a catalyst. 
Finely-divided nickel has been extensively used in this way for the 
technical hydrogenation of unsaturated fats and oils. The method 
can also be used on a laboratory scale for the reduction of olefins, 
nnsaturated acids, alcohols, azomethines, etc. The most generally 
applied processes are, however, those using colloidal platinum or 
palladium as catalyst. 

The laboratory apparatus used for catalytic reduction consists 
essentially of a container for the hydrogen, and a hydrogenation 
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flask, which can be shaken mechanically. The unsaturatcd svibstanco 
and a suitable preparation of the catalyst are introduced into the 
hydrogenation flask and shaken in an atmosphere of hydrogen. It is 
usual to have some device for measuring the volume of liydrogen, so 
that the progress of the hydrogenation can be followed- Many forms 
of apparatus have been described, and the original papers should be 
consulted for the details (Paal and Gerum, Ber., 1008, 41, 813 ; 
Willstatter and Hatt, ibid., 1912, 45, 1472 ; Skita and W- A. Meyer, 
ibid., 1912, 45, 3594; Stark, ibid., 1913, 46, 2335; Rosennumd and 
Zetsche, ibid., 1918, 51, 580 ; Adams and Voorhees, J . Amer. Ghem. 
8oc., 1922, 44, 1403; Organic Syntheses, 1928, 8, 10). 

Por the quantitative determination of unsaturation, on a small 
scale, the following process has been found to be effective. The 
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absorption vessel used is represented diagrammatically in Fig. 1. 
It is clipped on a light metal carriage, which is shaken mechanically. 
The tube A is attached by means of reasonably light rubber pressure 
tubing (covered with insulating tape) to a gas burette of 100 c.c. or 
some other suitable capacity. It is advantageous to insert a plug of 
cotton wool in A to prevent fragments of rubber entering the 
absorption vessel. 

The greater part of the solvent — acetic acid, ethyl alcohol, or 
ethyl acetate — ^is introduced with the catalyst through the tap D. 
The tap D is then replaced and turned so that a rapid stream of 
hydrogen from a cylinder may be passed through the apparatus 
through the tube B. During the flushing of the apparatus, the tap E 
is kept open in order to remove all traces of air from the rubber 
connections and the gas burette taps. 

When the system is free from air, hydrogen is introduced into the 

<r 
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gas burette, the tap D closed, and the vessel shaken till all absorption 
of hydrogen is complete. At this stage a weighed amount of the 
substance to be hydrogenated dissolved in the remainder of the 
solvent is introduced through D, the apparatus flushed out with 
hydrogen, and the gas burette filled. After closing tap Z>, the vessel 
is shaken until no more absorption occurs. 

This method gives good results with substances which are hydro- 
genated rapidly- When the rate of absorption is slow, an appreciable 
error is introduced by the slow diffusion of hydrogen through the 
rubber connections, 

A number of processes of catalytic reduction have been described 
which differ essentially only in the preparation of the catalyst. 
Paal and his co-wnrkers have used colloidal suspensions of platinum 
or palladium protected by the colloidal products of the alkaline 
hydrolysis of egg albumin (Paal and Gerum, Ber,, 1908, 41, 2273; 
1909, 42, 1553 ; Paal and Roth, ibid., 1908, 41, 2282 ; 1909, 42, 1541 ; 
Paal and Hartmann, ibid., 1909, 42, 2239, 3930; 1910, 43, 243). 
Gaseous hydrogen and such a catalyst reduce olefinic and acetylenic 
acids, unsaturated hydrocarbons, ketones, and aldehydes to the 
corresponding saturated compounds. The method does not appear 
to be suitable for the hydrogenation of the aromatic nucleus, nor does 
it appear to reduce the carbonyl group. The protective colloid of 
the catalyst is sensitive to acids, consequently the method can only 
be applied in neutral or alkaline solution. 

The use of colloidal platinum or palladium protected by gum 
arabic has been developed by Skita and his co-workers (Skita, i5er., 
1909, 42, 1627 ; Skita and Ritter, ibid., 1910, 43, 3393; Skita and 
H. H. Franck, ibid., 1911, 44, 2862; Skita, ibid., 1912, 45, 3312; 
1915, 48, 1486 ; Skita and W. A. Meyer, ibid., 1912, 45, 3579, 3589 ; 
Skita and W. Brunner, ibid., 1916, 49, 1597). In its simplest form 
this method consists in adding a small quantity of palladous chloride 
solution acidified with hydrochloric acid to an aqueous solution or 
aqueous alcoholic solution of the unsaturated substance, and then 
shaking the solution in an atmosphere of hydrogen under an excess 
pressure of about one atmosphere. More generally, the palladous 
chloride solution containing a small amount of gum arabic is added 
to the unsaturated substance dissolved in aqueous alcohol or acetic 
acid. The hydrogenation is then effected in the usual way. These 
processes are sometimes unsatisfactory owing to the failure of the 
metal to separate in a colloidal form during the reduction. In these 
circumstances a trace of preformed colloidal palladium is added 
before starting the reduction. 

Unsaturated acids are reduced to saturated compounds, while 
aromatic amines and phenols are converted into the corresponding 
ci/cZohexane derivatives ; carbonyl compounds can be reduced to the 
corresponding alcohols under suitable conditions. The extent of the 
hydrogenation is, in some measure at least, influenced by the solvent, 
the pressure of hvdrogen, and the temperature (see Skita, Annalen, 
JL921, 427, 255; 1923, 431, 5; Ber., 1923, 56, 1014, 2234; 1920, 53, 
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1803 ; Skita and RoEes, Ber,, 1920, 53, 1244 ; Skita and Sehneck, 
ibid., 1922, 55, 145). 

WiUstatter and his co-workers have used colloidal platinum and 
palladium as catalysts. Their process is well suited for the reduction 
of aromatic compounds to derivatives of ct/cZohexane. It differs from 
the methods of Skita and Paal in that the catalyst has no protective 
colloid. Certain precautions must be observed in the preparation of 
the catalyst, and it has been found that the efficiency of the hydrogen- 
ation is dependent on the presence of oxygen in the colloidal platinum 
or palladium. 


Preparation of Platinum-hlach for Hydrogenation by the. Willatdttcr-Fokin 
Method.^ — 80 C.c. of a solution of chloroplatinic acid (from 20 g. of platinum) 
containing some hydrochloric acid are mixed with 130 c.c. of formalin solution. 
After cooling to — 10°, 420 g. of 50% potassium hydroxide solution aro addoti 
drop by drop, the temperature being kept below 5°. Tho mixture is stirrotl 
continuously during the addition of the alkali. When all has boon added, tho 
liquid is heated for -J- hour to 55 — 60°, the stirring being continued. q''hc 
platinum-hlaek settles and is washed by decantation in a tall cylinder till there 
is no reaction for chloridion or alkali. The black is then drained lightly on a 
funnel, taking care that the platinum is always covered with water. It is 
^ally pressed quickly between filter paper and dried in a vacuum desiccator. 
Before opening the desiccator, it should he filled with carbon dioxide to prevent 
the efficiency of the catalyst being impaired. 

IVhen the catalyst becomes inactive during use, it can bo revived bv 
evacuating the hydrogenation flask and then admitting air and shaking. 


Details of the preparation of palladium-black in a form suitable 
for catalytic reduction of aroinatic compounds are given by Will- 
statfer and Waldschm.idt-Leitz {Ber., 1921, 54, 123). 

A further modification is due to Adams and his co-workers, who 
produced by the reduction of platinic oxide, 
i'tUa.ilaO. In general, the platinic oxide is added to an alcoholic 
solution of the substance to be reduced, and the hydrogenation is 
then earned out under two or three atmospheres pressure. Less 
rarely, glacial acetic acid or ethyl acetate may be used as solvent. A 
wmplete account of the preparation of the catalyst is given by 
Actoms, Voorbees, and Shiiner {Organic Syntheses, 1922, 8, 92), as 
wefi as references to the original papers. , , v; ;, as 

ky^ogenation of the double bond is the most 
reduction. Other methods of reduction in- 
a ^ sodium or its amalgam in presence of ethyl or amyl 

^^hols or of moist ether; aluminium amalgam acting in a St 

tra^ hyteodic acid and red phosphorus. 

wSv°“na'5-^ employed very 

^w£i?2vS^ reduction of aryl-substituted 

«p-unsaturated acids are 
are even more 



1899, 306, 259). 
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*/ Preparation of p-Phenylpropionic Acid from Cinnamic Acid. — mixture of 
10 g. of cinnamic acid and 100 c.c. of water is stirred mechanically in a thick- 
walled beaker. A slight excess of dilute alkali is added and then sodium 
amalgam in small pieces is added gradually till about 200 g. have been used. 
When the reduction is complete, the solution is decanted from the mercury and 
acidified with hydrochloric acid. jS-Phenylpropionic acid is precipitated as an 
oil, which solidifies on cooling. It is purified by crystallisation from warm 
water. M.p. 46 — 47°, yield about 7 — 9 g. 

The use of sodium and alcohol has been applied successfully to the 
reduction of styrenes and similar substituted ethylenes. It fails 
apparently with styrenes of the general formula, Ph^CHICRg (Klages, 
£er., 1902, 35, 2646; 1904, 37, 924, 1721). 

The position of the double bond also appears to have an important 
effect on the ease of reduction. Thus, while safrol and apiol are 
scarcely attacked, their isomers, isosafrol and ^'^oapiol, are smoothly 
reduced (Ciamician and Silber, J5er., 1890, 23, 1162, 2285; compare 
Klages, ibid., 1899, 32, 1436). 

The following papers may be consulted for accounts of the use of 
aluminium amalgam in the reduction of unsaturated compounds in 
moist ethereal solution : Thiele and co-workers, Annalen, 1906, 347, 
260, 279, 293 ; Henle, ibid., 1906, 348, 16 ; Sieglitz and Jassoy, Ber., 
1921, 54, 2135. 

2. Addition of the Elements of Wafer. 

The simple olefins appear to be unacted on by pure water — 
ethylene can be heated with water .to 200^^ at a pressure of about 
100 atmospheres without any reaction taking place. They combine 
additively with sulphuric acid to give alkyl hydrogen sulphate, from 
which the alcohol can be obtained by simple hydrolysis : — 

CHoICH, + HaSO. — > CHa-CHa-O-SOaH 

- ' ' ‘ " CHa-CHa-OH + H2SO4 

This reaction appears to have been first observed by Hennel [Phil. 
Trans., 1826, 248; compare Faraday, ibid., 1825, 448). He found 
that after absorbing ethylene in sulphuric acid, ethyl alcohol was 
obtained by diluting the solution and distilling. The homologues 
behave similarly, although with the higher members there is an 
increasing"; tendency to polymerise (Butleroff, Annalen, 1877, 189, 
44; King, J., 191*9, 115, 1407; Brooks and Humphrey, J. Amer. 
Chem. 80c., 1918, 40, 822). Solution of the olefin in sulphuric acid of 
suitable concentration and subsequent hydrolysis is a convenient 
method of converting olefins into alcohols ; the addition with simple 
olefins occurs so that the hydroxyl group is attached to the carbon 
atom carrying the fewest hydrogens, as the following examples 
.indicate : — 

Me-CHICHo — ^ Me-CH(OH)-CH 3 , Me^CICHa — > Me 2 C(OH)-CH 3 , 
Et-CHICHg — ^ Et-CH(OH)-CH3 

^The rate of reaction of the unsaturated compound with sulphuric 
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acid appears to be determined by the nature of the groups adjacent 
to the double bond. An accumulation of negative groups has the 
effect of retarding the addition. Dichloroethylene, cinnarnic acid, 
fumario acid are comparatively inert to sulphuric acid. The 
lower olefins show considerable differences in the ease with which they 
react with sulphuric acid. Ethylene combines rapidly with sulphuric 
acid at 70° to give a solution containing ethyl hydrogen sulphate 
(Plant and Sidgwick, J. Soc. Chem. Ind., 1921, 40, 14t). The butyl- 
enes and higher homologues dissolve readily in concentrated sul- 
phuric acid at room temperature, but undergo extensive polymeris- 
ation. With diluted sulphuric acid they react, giving the alcohol and 
alkyl hydrogen sulphate. A wide choice of acid concentration be- 
tween 60 and 80% can be employed, according to the olefin under 
treatment. Thus, isobutylene, (CH 3 ) 2 C:CH 2 , is rapidly absorbed by 
63% sulphuric acid (Michael and Brunei, Amer. Chem. J ., 1909, 41, 
118), while the other isomers are not appreciably affected by this 
concentration of acid. They dissolve, however, in 80% acid, giving 
the corresponding butyl hydrogen sulphates. The rate of reaction 
of the olefins with diluted sulphuric acid has been found to be in the 
following order : — 

Me2C;CH2>MeCH:CHMe >EtCH:CH2 

MeaCICHa >Me2C:CHMe >Me20;CMe2 

According to Brooks and Humphrey (Zoc. cit.), the tendency to 
jdeld alcohols and alkyl hydrogen sulphates reaches a maximum with 
amylene and the hexenes, higher members of the series showing an 
increasing tendency to polymerise. 

Preparation of teit.-Butyl Alcohol from i^oButylenc. — Tho ^'^obutylone ifi 
prepared by the deliydration of t,8obutyl alcohol by passing it over alumina 
deposited on pninice at 500 — 520°. It is condensed in bottles containing 
kerosene cooled to — 15° (see p. 91). The solution of butylene is mixed witli 
a cooled 50% solution of sulphuric acid and the mixture stirred for several 
hoars, the temperature being allowed gradually to reach that of tho 1 * 0010 . 
The aqueous solution is separated, and dropped slowly into well-cooled dilute 
alkali. Steam distillation of the product gives a distillate containing tert.- 
butyl alcohol. The alcohol is separated from the bulk of the w^ater by tho 
addition of potassium carbonate, dried over anhydrous potassium carbonate 
and distilled (Read andPrisley, J. Amer, Chem. Soc., 1924, 46, 1512). 

Preparation of see.-Butyl Alcohol fro7n -Butylene. — d^-Butylene is prepared 
by the catalytic dehydrogenation of 7i-butyl alcohol by means of phosphorus 
pentoxide. It is then cooled by passage through a coil surrounded by ice and 
salt. The end of the coil dips into a bottle containing 75% sulphuric acid and 
sin^arly cooled. The bottle is weighed at intervals, and when the increase in 
wreight corresponds approximately to 10% in excess of the theoretical require- 
ment (calculated from the weight of sulphuric acid taken), it is closed by a 
rubber stopper, wMeh must be wired down, and shaken for several hours. Tho 
product is then diluted and distilled in steam. The alcohol is recovered from 
the distillate by the addition of potassium carbonate, dried over tho same 
reagent, and fractionated. The yield of ^ec.-butyl alcohol, b. p. 98 — 100° is 
approximately 90% of theory (King, J., 1919, 115, 1407). 

iBenzenesT^phonic acid may be used instead of sulphuric acid for 
the conversion of olefins into alcohols (Brooks and Humphrey, loc^ 
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cit.). For the use of a mixture of benzenesulphonic acid and acetic 
anhydride for the hydration of terpenes see Barbier and Grignard 
[Bull. Soc. chhn., 1909, [iv], 5, 512). 

Organic acids as formic, acetic, propionic, or butyric have been 
found to combine with isobutylene and trimethylethylene under the 
influence of zinc chloride to give esters of ^er^.-butyl and jJeri.-amyl 
alcohols (KondakofF, J. pr. Chem., 1894, [ii], 48, 479). For the 
application of this reaction to the terpene series see Bertram and 
Walbaum [ibid., 1894, [ii], 49, 1). 

3. Addition of Oxygen and Hydroxyl. 

(a) Fm^mation of Glycols and Ethylene Oxides. — The oxidation of 
ethylenic compounds by cold neutral aqueous permanganate gives 
a glycol as the first product : — 

>C:C< + H 2 O ^ 0 — ^ >C(OH)-C(OH)< 

This type of oxidation has been employed extensively with un- 
saturated hydrocarbons and alcohols. The general method is to add 
gradually a cold dilute solution of permanganate, corresponding to 
somewhat more than one atomic proportion of available oxygen, to 
the unsaturated compound. If the substance is insoluble in water, 
it is brought into reaction by vigorous stirring, or more efficiently by 
using acetone as a solvent. When the oxidation is complete, the 
precipitate of hydrated manganese dioxide is collected, and the 
filtrate concentrated after neutralising with dilute sulphuric acid or 
by saturating with carbon dioxide. If the glycol does not separate 
from the concentrated residue, it is isolated by extraction with alcohol 
or ethyl acetate (Wagner, Ber., 1888, 21, 1230, 3347 ; 1890, 23, 2313 ; 
1894, 27, 1644), 

Oxidation of AllyU^-nitroheTi^ate to Glycerol a-^-Nitrohenzoate. — A solution 
of 0*5 g. of allyl-^j-nitrobenzoate in 100 c.c. of acetone is treated with 79 c.c. of 
1% aqueous permanganate. After some hours the manganese dioxide is 
removed by filtration and the filtrate neutralised with dilute hydrochloric acid. 
The acetone is distilled off, and the residue concentrated to 40 — 50 c.c. on the 
water-bath. The hot filtered solution is kept overnight, when 0-25 g. of pure 
crystalline glycerol a-mono-p-nitrobenzoate separates, m. p. 107° (Fairbourne 
and Foster, J., 1926, 3147). 

/ Oxidation of Cinnamic Acid to Phcnylyly ceric Acid. — The cinnamic acid is 
^ converted first into the methyl ester by reaction with methyl sulphate. 20 G. 
of cinnamic acid in 130 c.c. of water are neutralised by the addition of solid 
potassium hydroxide, the solution being warmed. After cooling, 40 c.c. of 
methyl sulphate are added, and the mixture is stirred for 2 hours. The 
aqueous solution is poured from the ester, a further amount of water added, 
and the mixture heated on a water-bath for J hour. The ester is sufficiently 
pure for the oxidation. 

Methyl cinnamate (20 g.) is dissolved in 1500 c.c. of ethyl alcohol and then 
cooled to — 40°. A solution of 24 g. of potassium permanganate in 800 c.c. of 
water is added gradually over 4 hours, with vigorous stirring. The precipitate 
of manganese dioxide is filtered off and the filtrate concentrated on the w’'ater- 
bath to about 200 c.c. The ester is hydrolysed by adding 20 g. of solid potash 
to the concentrated solution and keeping at room temperature for several 
hours. When the hydrolysis is complete, an excess of dilute sulphuric acid is 
added and the solution extracted several times with small volumes of ether, till 
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about 3 1. of solvent have been used. Evaporation of the other loaves about 
IS g. of crude phenylglyeeric acid. It is purified by solution m a small volume 
of methylal and precipitation with benzene. Slow evaporation of a conccii- 
trated. aqueous solution gives the acid, as large thin plates, m. p. 141 (Riiboi, 
Ber,, 1915, 48 , 827). 

A further method for the oxidation of unsaturated hydrocarbons, 
ethers, or acids to the corresponding glycol is the. use of perhydrol 
in glacial acetic acid, which appears to be very convenient. 

Preparation of Dihydroxy stearic Acid from Oleic Acid. a solution of 

12 g. of oleic acid in 80 c.c, of glacial acetic acid, 20 g. of concentrated hydrogen 
peroxide are added (36%) and the mixture is shaken occasionally till it becomes 
homogenous. This usually takes several days. The acetic acid is^ then 
distilled ofE in steam and the residue extracted with water and heated with an 
excess of iV'-sodium hydroxide for 6 hours. The acid recovered from iho 
alkaline solution by acidification is purified by crystallisation from ethyl 
acetate. It then has m. p. 95°. Elaidic acid and palmitolcic acid and their 
esters are oxidised by a similar process to the corresponding dihydroxy acids 
and esters (Hilditeh, J., 1926, 1833). 

This method has been applied successfully to the oxidation of allyl 
ethers for the formation of a-glyceryl ethers. 

Preparation of a-Getyl Glyceryl Ether . — Cetyl allyl ether (6 g.) (prepared by 
the action of cetyl chloride on a solution of sodium allyloxide) in 120 c.c. of 
glacial acetic acid is treated with 9*6 g. of perhydrol and heated on a stoam-bath 
for 15 hours, further amounts of perhydrol being added at regular intervals till 
the equivalent of 9 mols. has been added. 

When the solution is cold, it is neutralised by dilute aqueous ammonia and 
extracted with ether. The extract, after removal of the solvent, is heated wi th 
alcoholic potash to hydrolyse any acetyl compounds formed during the oxid- 
ation. a-Cetyl glyceryl ether is obtained by fluting th© hydrolysed solution 
and extracting with ether. It is further purified by crystallisation fi'om 
aqueous acetone and separates in rosettes of colourless needles, m. p. 64 — 65°. 
The yield of crude material is practically quantitative (Davies, Hoill.)ron, and 
Owens, J., 1930, 2545). 

Glycols may also be prepared from some olefins by the action of a 
saturated solution of mercuric acetate (Balhiano and Paolini, Ber., 
1902, 35, 2994; 1903, 36, 3575). Lead tetra-acetate has also boon 
used for the preparation of the glycol diacetates from some olefinic 
substances (Dimroth and Schweizer, Per., 1923, 56, 1384). Sodium 
chlorate in aqueous solution containing a small amount of osmium 
tetroxide as a catalyst was originally proposed by K. A. Hofmann, 
Ehrhart, and Schneider (Per., 1913, 46, 1657) for converting ethylonic 
compounds to satmated dihydroxy-compounds. The method has 
recently been applied with considerable success for the preparation 
of dihydroxy-aeids from unsaturated acids. 


Pre^raUon of jm^oTar^ric Acid from Maleic Acid . — Sodium chlorate (113 
g.)Qp.d n^leic acid (86 g.) in 140 c.c. of water are mixed and heated to 50° after 
adding 10 c.c of 1% solution of osmium tetroxide. (A^ojfe.— Osmium tetroxide 
IS volatile and its vapour is extremely dangerous. Particular care should be 
t^n to pmvent the vapour coming in contact with the eyes by wearing gas- 
^ hours’ heating the solution is cooled, the catalyst 
benzene and the aqueous solution exactly 
neutralised. Th© addition of barium chloride solution precipitates th© tartaric 
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acid as barium salt, which is collected, dried, and decomposed by warming for 
i hour wdth the calculated amount of dilute sulphuric acid The solution is 
filtered from barium sulphate and is evaporated in a tared dish on a steam - 
bath till the concentrated solution weighs approximately 1 J times the weight 
of tartaric acid expected. It is nucleated with a crystal of mesotartaxic acid 
and kept in an ice -chest. The acid, which separates on keeping, is pure. The 
yield may amount to 90% of the theoretical. Fumaric acid yields r- tartaric 
acid by a similar process (Milas and Terry, J. Amer. Chem. Soc,, 1925, 47, 
1415). For further applications of this method see G. Braim, ibid., 1929, 51, 
228; 1930, 52,3176,3188. 

The use of organic peracids for tlie conversion of ethylenic com- 
pounds into ethylene oxides and thence by hydrolysis into glycols has 
a wide application. The change may be represented thus : — 

>C:C< + R-CO-OgH — > >C— C< + R-C02H 

>c— C< +H2O — > >C(OH)-C(OH)<. 

The oxidation is usually effected quite smoothly and in good yield. 
The resulting glycol is generally stereoisomeric with that obtained 
by oxidation with permanganate (Nametkin and Jarzeff, Ber,, 
1923, 56, 1803 ; Boeseken, ibid., p. 2409). 

Per benzoic acid,* CgHgCO’OgH, is commonly used for this purpose, 
and the method consists essentially in adding a solution of the per- 
acid of known concentration in chloroform or ether to the unsaturated 
substance, either at room temperature or cooled in a freezing mixture. 
When the oxidation is complete, the benzoic acid is removed by 
shaking with dilute alkali and the ethylene oxide isolated by evapor- 
ation of the solvent. The process is illustrated by the following 
examples. 

Preparation of 4^-MethylGyclohexane Oxide and 1 : 2-Dihydroxy A-mciJiylcyolo- 
hexane. — An ethereal solution, of perbenzoic acid containing 4 g. of active 
oxygen is added to 25 g. of 4-methylcycZohexene. After keeping at room 
temperature for about 5 days, the ethereal solution is washed with dilute alkali, 
dried, and the solvent evaporated. The residue of 4-methylc2/cZohexane oxide 
is purified by distillation (yield 15 — 16 g., b. p. 147 — 148° /760 mm.). 

The oxide is converted into the corresponding dihydroxy-compound by 
heating in a sealed tube at 1 10° with an excess of water for 4 hours. On cooling, 
the product is extracted with ether and the residue, after removing solvent from 
the ether extract, is distilled under reduced pressure, b. p. 131 — 132°/12 mm., 
m. p. after crystallisation 63 — 64° (Nametkin and Briissoff, Per., 1923, 56, 
1807). 

Preparation of Styrene Oxide. — ^To a solution of 44 g. of perbenzoic acid (0*33 
mol.) in 500 c.c. of chloroform are added 30 g. of stjrrene (0*3 mol.). The solu- 
tion is kept at 0° for 24 hours and is shaken frequently during the first hour. 
An aliquot portion should then be titrated to determine if all the styrene has 
reacted. When the oxidation is complete, the chloroform solution is shaken 
with 10% sodium hydroxide to remove benzoic acid, then washed with water 
and dried over anhydrous sodium sulphate. The removal of the solvent by 

* Perbenzoic acid is comparatively unstable, but dry chloroform solutions 
may be kept for several days without any appreciable loss of activity. It is 
necessary to prepare the perbenzoic acid required in these oxidations from the 
commercially available and moi’© stable benzoyl peroxide. 
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distillation through a fractionating coltnmi leaves a residue of styrene oxide, 
b. p. 188 — 192'^, yield 24 — 26 g. (Hibbert and Burt, J. Amer. Cheoyi, Soc., 1925, 
47, 2243; Organic Syntheses, 1928, 8, 102), 


When the ethylene oxide is unstable, the dihy dr oxy- compound 
may be obtained directly by carrying out the oxidation in presence of 
water (G, Braun, J. Amer. Ghem. Soc., 1929, 51, 229; compare 
Haworth, Hirst, Straight, Thomas, and Webb, J., 1930, 2642). 

Perbenzoic acid has been used also for converting glucal, lactal, and 
similar unsaturated derivatives of the sugars into ethylene oxides, 
and then by reaction with water or alcohol into sugars or their 
glucosides (M. Bergmann and Schotte, Ber., 1921, 54, 1564; M. 
Bergmann, Annaien, 1923, 434, 79; Haworth, Hirst, Streight, 
Thomas, and Webb, loo. cit.). 

Considerable differences have been found in the ease with which 
unsaturated compounds react with perbenzoic acid. Thus, while 
limonene is rapidly converted into the corresponding oxide, bornylcne 
is attacked so slowly that it is best purified from associated im- 
purities by treatment with perbenzoic acid (Meerwein, J .*pr. Chnir., 
1926, [ii], 113, 18). Crotonic acid also reacts slowdy with perbenzoic 
acid, while maleic acid appears to be indifferent (Boeseken, Rec. tr'av. 
chim., 1926, 45, 838; G. Braun, loc. cit.). 

Some ethylene oxides prepared in this way are stable to hydrolysis. 
Boeseken and Elsen {Rec. trav. cUm., 1929, 48, 363) recommend, in 
such circumstances, the use of peracetic acid, which gives acetates of 
the glycol as the product of oxidation. According to Arbusoff and 
Michailofif {J.pr. CTiem., 1930, [ii], 127, 92), the normal product of the 
action of peracetic acid on an ethylenic compound is an ethylene 
oxide, and the glycol acetates result from its interaction with the 
acetic acid formed in the oxidation. 


(b) Formation of Ozonides. — Ozone combines additively with 

ethylenic hnkin gs to give ozonides of the general type, 

further action of ozone converts these into per ozonides. 
ii^ortance of the ozonides lies in their behaviour towards 
^ J They are split more or less readily by this reagent into 
aldehydes, keton^ and their peroxides, and acids, according to the 
cncumsi^nces. The fission always takes place between the carbon 
a ms which were joined by a double bond in the original compound. 
This furnishes a method for determining the position of a double 
bond in a compound wHch is free from the uncertainty attached to 
use of alkahne or acid reagents. The general method of ozonisation 
eomisfe m passmg dry ozonised air or oxygen (from 1 — 15% ozone) 

in^ a suitable 

^ carbon tetrachloride, hexane, ethyl acetate have been 

piirpose, while for low temperatures 
ozomdes ethyl chloride has many advantage. The 
continued till the solution contains no 
uncliang^ u^turated compound. The solvent is then removf^d 
under reduced pressure. The crude ozonide thus obtained is usuall:^; 
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a viscid oil with an unpleasant odour. Tew ozonides only have been 
obtained crystalline. 

Ozonides should be treated with due caution, for some may explode 
violently on warming. In order to determine the position of the 
double bond, it is unnecessary to purify the ozonide. The crude 
product from the evaporation of the solvent from the ozonisation 
solution is treated with cold water or heated under reflux with water, 
according to its stabihty, and the products thus obtained are isolated 
and identified. Other methods of decomposing ozonides include 
treatment with glacial acetic acid or formic acid, or reduction with 
aluminium amalgam or sulphur dioxide or zinc dust (Harries and 
Neresheimer, Ber., 1906, 39, 2846 ; Harries and Franck, ibid.y 1909, 
42, 450; Annalen, 1910, 374, 356; Harries and Haarmann, Ber., 
1915, 48, 39). The more general method, however, is treatment with 
water. When the decomposition is complete, the product is examined 
for volatile aldehydes, ketones, acids, and carbon dioxide. Acetone 
is frequently present in the decomposition products as acetone 
peroxide — a volatile sohd w’hich appears as a subhmate in the con- 
denser during the refluxing of the ozonide with water; acetone can 
be* obtained from it by warming with aqueous sodium carbonate. 
The non-volatile products are first examined for their behaviour to- 
wards Fehling’s solution, SehiJBF’s reagent, and phenylhydrazine. 
The product is then extracted with, ether, the acidic portion of the 
decomposition removed from the ether by washing with aqueous 
sodium bicarbonate, and the neutral and acidic portions are worked 
up separately. The aqueous solution remaining after ethereal 
.extraction should be tested for oxalic acid. 

For details of the process of ozonisation and descriptions of the 
apparatus used, the series of papers by Harries and his colleagues 
should be consulted (Harries, A7inaleny 1905, 343, 339 ; ibid., 1910, 
374, 309; Harries and Weiss, Her., 1905, 37, 3431; Harries, ibid., 
1907, 40, 4905; Harries and v. Splawa Neymann, ibid., 1908, 41, 
3552 ; Harries, Annalen, 1912, 390, 235 ; Harries and Haarmann, 
Her., 1915, 48, 32, 868; see also Doeuvre, Bidl. soc. chim., 1929, [iv], 
45, 140). 

In order to illustrate the use of ozonisation in determining the 
structure of unsaturated acids the following description is given : — 

The Preparation and Decomposition of the Ozonide of Oleic Acid . — current 
of ozonised air or oxygen is passed through a solution of oleic acid in about 20 
times its weight of chloroform until a portion of the solution ceases to decolorise 
bromine. The further action of ozone results iii the formation of peroxide, but 
this does not affect the result. After removing the solvent under reduced 
pressure, the crude ozonide is heated under reflux with 4 times its weight of 
water for J hour. On cooling, the product is taken up in ether and the ethereal 
solution washed with water and sodium bicarbonate solution. The ethereal 
solution is dried over magnesium sulphate, the solvent removed, and the residue 
distilled under reduced pressure. Nonyl aldehyde and its peroxide is collected 
between 80"^ and 105°/ 71 mm.,pelargonicacid, CH3*(CH2)7-C02H, between 120° 
and 150°. The residue consists principally of the hemialdehyde of azelaic acid, 
CHO'(CH2)7*C02lI. The sodium bicarbonate extract gives, on acidiflcattion, a 
solid consisting largely of azelaic acid, CObH*(CH 2 ) 7 *C 02 H, its hemialdehyde 
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and peroxide (Harries and Franck, Ber., 1909, 42, 454; Harries and Thioine, 
Hid., 1906, 39, 2844). 

Ttese decomposition products indicate quite clearly that the 
double bond in oleic acid is situated between the eighth and ninth 
carbon atoms of the carbon chain : — 


Me(CH2)/CHO + 

^5'onyl aldehyde. 



Me(CH2) 7-CH-CH-(CH2) , 


CO H 


Me(CH2)/CH02 + 

Nonyl aldehyde 
peroxide. 


02HC-(CH2)7-C02H 

Azelaic hemialdehyde 
peroxide. 


0HC-(CH2)7-C02H 

Azelaic homialdohydo. 


Other examples of the use of this method in determining the 
position of double bonds in unsaturated acids are given by Linstcad 
(J., 1929, 2505) and Goldberg and Linstead (ibid., 1928, 2354). For 
the use of the decomposition of ozonides in giving information on the 
position of double bonds, and for the separation and identification of 
the products, see Heilbron, Owens, and Simpson (*/., 1929, 879), 
Heilhron and Thompson (ibid., p. 887), Harries (Ber., 1904, 37, 
2708; 1905,38,1195). 


4. Addition of Halogen, 

Eromine or chlorine combine additively with nearly all etliylenic 
compounds to give halogen- substituted saturated compounds : — 

>C=C< + Br^ — ^ >CBr-CBr< 


The addition of bromine is effected quite smoothly and con- 
veniently by adding the necessary amount of bromine — preferably 
dissolved in a suitable solvent — ^to the substance, which if it is solid 
should also be similarly dissolved. Carbon tetrachloride, chloro- 
form, acetic acid, or carbon disulphide are generally employed. 
Sometimes the combination with bromine is achieved in aqueous 
solution, less frequently in ether, hexane, or even alcohol. 

the addition of bromine takes place quantitatively, and in dry 
indifferent solvents without any appreciable side reactions, it is 
possible to obtain a measure of the unsaturation of a hydrocarbon by 
detenniomg the amount of bromine absorbed. For the abnormal 
behaviour of some unsaturated compounds to bromine see p. 26. 


Determimxtion of Unsaturation of Hydrocarbons . — Dry bromine (2 c.c,) is 
dissolved in about 750 c.c. of dry carbon disulphide or carbon tetrachloride, 
and tne solution thus obtained is transferred to an amber-tinted bottle provided 
ypith a ti^t stopper. The concentration of the solution should be ascertained 
immediately before and at the end of each series of determinations, by treating 
a measur^ volume ydth an excess of aqueous potassium iodide and then 
titrating the liberated iodine with standard thiosulphate. 
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A weighed amount of the specimen (0-3 — 1-0 g.) is introduced into a dry 
stoppered flask and sufficient of the standardised bromine solution added to 
give a distinct red solution. The flask is closed, shaken, and then kept in a 
dark cupboard for 15 minutes. If sufficient bromine has been added, the 
solution should still be distinctly red at the end of this period. The excess of 
bromine is determined by adding an excess of potassium iodide and titrating 
the liberated iodine with thiosulphate (Allen, Commercial Organic Analysis, 
1924, vol. II, p. 29 ; vol. Ill, p. 16). 

The addition of chlorine is brought about either by passing the 
gas into the unsaturated compound in an indifferent solvent, or by 
adding a solution of chlorine in carbon tetrachloride of knovn con- 
centration to the compound. 

A further method which can be employed for this purpose is to 
bring the substances in contact in the vapour state. The olefin and 
the halogen are regulated so that the latter is not in large excess. In 
the case of ethylene this precaution is unnecessary, but the chloro- 
.and bromo-derivatives of propylene and the butylenes are more 
sensitive to the action of an excess of free halogen. A more con- 
venient method is to prepare some of the liquid dihalogen compounds 
by mixing the halogen with the olefin, and then to pass the olefin 
into the liquid thus obtained and cool in a freezing mixture. 
Chlorine or bromine is then introduced cautiously so that it is never 
in excess. By such a process the substituting action of the halogen 
is reduced to a minimum (Hickinbottom and Ryder, J., 1931, 1285). 

Iodine, in contrast to chlorine and bromine, shows only a sfight 
tendency towards addition at the double bond. It only forms di-iodo- 
compounds withafewethylenic compounds like styrene, allyl alcohol. 
Although iodine itself has little tendency to combine, iodine mono- 
chloride reacts normally, yielding iodo-chlorides. The use of this 
reagent in determining the unsaturation ’’ of fatty acids and fats 
is referred to elsewhere (p. 212). 

Thiocyanogen has been found to combine additively with some 
unsaturated compounds. Its action appears to be intermediate 
between that of bromine and that of iodine (see Kaufmann and 
Liepe, Ber, deut. pharm. Ges., 1923, 33, 139 ; Challenger, A. L. 
Smith, and Baton, J., 1923, 123, 1055; Challenger and Eott, ibid., 
1925, 127, 1039; Soderback, Annalen, 1925, 443, 142). 

5. Addition of Halogen Hydrides, 

Unsaturated compounds combine more or less readily wfith halogen 
hydride according to the general scheme : — 

>C=C< + HHal — >CH-C(Hal)< 

This reaction occurs so that the halogen is added to the carbon 
atom combined with the fewest hydrogens. Thus, hj^'drogen 
bromide converts propylene into sec. -propyl bromide ; ^5obutylene 
yields ier^.-butyl bromide. With the arylolefins a similar orientation 
of the halogen appears to take place, for styrene, PhCHiCHg, gives 
PhCHBr-CH 3 . This generalisation is, however, only approximately 
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true, since in sucli additions smaller or greater amounts of the isomeric 
halogen compound are formed (Michael, J • Che>m*, 1899, [ii], 60, 
446* Mchael, ibid., 348; Ipatieff and Ogonofski, Ber., 1903, 36, 
1988; Ingold and Ramsden, J., 1931, 2746; Ingold and H. G. A. 
Smith, ibid., p. 2752), Recently, it has been found that the orient- 
ation of the halogen in the addition product may be determined by 
the presence of peroxides or air. Thus the reaction of allyl bromide 
with hydrogen bromide furnishes 1 : 3-dibromopropane in the pres- 
ence of air or peroxides, while if precautions are taken to ensure their 
absence, 1 : 2-dibromopropane results (Kharasch and Mayo, J. Amer. 
Chem. Soc., 1933, 55, 2468). Similar observations have been made 
for propylene, vinyl bromide, y : y-dimethyl-A"‘-pentene, undecenoic 
acid and its ethyl ester, and for undecenyl acetate (Kharasch, 
McNab, and Mayo, J. Amer.. Chem. Soc., 1933, 55, 2521, 2531 ; 
Kharasch, Hannum, and Gladstone, ibid., 1934, 56, 244 ; Ashton and 
J. C. Smith, J., 1934, 435, 1308 ; compare Kharasch and Hinckley, 
J. Amer. Chem. Soc., 1934, 56, 1212; Kharasch, Hinckley, and 
Gladstone, ibid., p. 1642; Kharasch and Hannum, ibid., p. 178). 
The magnitude of the effect, however, would appear to depend on 
the unsaturated compound (Ashton and Smith, loc. cit., p. 1308 ; 
Linstead and Rydon, J., 1934, 2001). 

The combination with halogen hydride is not confined to the ole- 
fins; xmsaturated acids and ketones show a similar behaviour. 
With these compounds, however, the halogen takes up a position 
' remote from the carbonyl group, at least with the ap- and ay-un- 
saturated acids and ketones (Pittig and Messerschmidt, Annalen, 
1881, 208, 94; Pittig, ibid., 1889, 255, 30). 

The addition may be effected by more or less prolonged contact of 
the unsaturated compound with a concentrated aqueous solution of 
the halogen hydride, or more conveniently by using a saturated 
solution of the halogen hydride in glacial acetic acid. The speed 
with which the reaction takes place depends on the nature of the 
unsaturated compound and also on the halogen hydride employed. 
In general hydrogen iodide combines more readily than hydrogen 
bromide, which is more reactive than hydrogen chloride. When the 
reaction takes place only slowly at room temperature, the rate may 
be accelerated by warining in closed vessels. For the experimental 
details the following papers should be consulted : Berthelot, 
Armalen, 1857, 104, 184; 1860, 115, 115; Schorlemmer, ibid., 
1873, 166, 177 ; Ipatieff and Ogonofski, loc. cit . ; Maire, Bull. Soc. 
cUm., 1908, [iv], 3, 280; Michael and Brunei, Amer. Chem. J., 1912, 
48, 267; Vorlander and Eichwald, Ber., 1923, 56, 1153; Ingold, 
loc. cit. 

With unsaturated compounds of the terpene series, the addition 
of halogen hydride proceeds readily. The products, in many cases, 
are crystalline, and serve to characterise the terpenes. The pro- 
c^ure consists in passing a stream of the dried halogen hydride 
either mto the terpene or more usually into a solution in acetic acid 
or ether. 
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The preparation of limonene bis-hydrochloride illustrates the 
method. 

Preparation of Limonene Bis-hydrochloride, — stream of dry hydrogen 
chloride is passed over limonene diluted with half its volume of acetic acid. 
The solution is shaken frequently to facilitate the absoiption of the gas. As 
soon as the mass solidifies, it is washed wdth water, drained on a porous tile, 
and purified by crystallisation from aqueous alcolxol. When pure it melts 
at 50—51°. 

Dipentene bis-hydrochloride is prepared similarly. 

Wallach {Annalen, 1887, 239, 25) describes the preparation of 
sylvestrene bis-hydrochloride and terpinene bis-hydrochloride (ibid., 
1906, 350, 147). ^ 

By working in carbon disulphide or light petroleum solution the 
terpenes which give bis-hydrochlorides may be made to yield mono- 
hydrochlorides (Wallach, Annalen, 1892, 270, 189; Wallach and 
Boedecker, ibid., 1907, 356, 198). 

6; Addition of Hyf)ocMorous, Hypobromous, and Hypoiodo^is Acids. 

These acids unite directly with the olefinic linking to give halogen 
hydrins according to the following scheme : — 

>C:C< + HO-Hal — ^ >C(OH)-C(Hal) < (Hal = Cl, Br or I.) 

For the preparation of chlorohydrins, a dilute solution of hypo- 
chlorous acid is kept in contact with the unsaturated compound till 
the combination is complete. Solutions of hypochlorous acid for 
this purpose may conveniently be prepared by the method described 
by Wohl and Schweitzer {Ber., 1907, 40, 94; compare Graebe, ibid., 
1902, 35, 2753). Experimental details are given by Michael and 
Leighton {Ber., 1906, 39, 2157), Carius {Annalen, 1863, 126, 197), 
Pauly and Neukam {Ber., 1908, 41, 4155) ; compare Henry {Bull. 
Acad. Toy. Belg., 1906, 523). Erlenmeyer and Lipp {Annalen, 1883, 
219, 185), Glaser {ibid., 1868, 147, 79), and Albitzki {J. pr. Chem., 
1900, [ii], 61, 66) give examples of the reaction of unsaturated a*cids 
wdth hypochlorous acid. 

Aqueous solutions of hypobromous acid — ^prepared by the addition 
of bromine to an aqueous suspension of mercuric oxide — ^behave 
similarly. The addition of the elements of hypobromous acid to 
unsaturated acids can in many instances be achieved by the reaction 
of the alkali salt of the acid with bromine water (Lessen, Dueck, and 
Leopold, Annalen, 1906, 348, 285). 

Preparation of ^-Bromo-^-phenylhydroxypropionic Acid. — Cinnamic acid 
(30 g.) suspended in 400 c.c. of water is neutralised by tbe addition of 28 g. of 
potassium carbonate, and after cooling to 4° a solution of 32 g. of bromine and 
57 g. of crystalline sodium carbonate in 500 c.c. of water is added. After half 
an hour the solution is filtered and then acidified by the addition of 50 c.c. of 
concentrated hydrochloric acid. A precipitate consisting principally of 
unchanged cinnamic acid is obtained. The filtrate is extracted with ether to 
remove the required bromohydroxy acid, which is obtained as a crystalline 
solid by evaporation of the ether. It is purified by several crystallisations 
from chloroform, m. p. 125° (Riiber and Berner, Ber., 1921, 54, 1954). 
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The preparation of bromohydrins from nnsaturated hydrocarbons 
and ethers has been simplified by the discovery by Read and his 
collaborators that olefins react with dilute solutions of bromine in 
water to give a high proportion of the bromohydrin. 


Preparation of ^-Broyno ethyl Alcohol . — current of air charged with broiuino 
is passed into water through which ethylene is bubbling. When all the bron\ino 
has combined, the liquid is neutralised with sodium carbonate and tho insoluble 
dibromoethane separated. The aqueous portion and the aqueous wasliings of 
the dibromide are combined and extracted with ether. The solvent is removed 
from the extract after drying. The residue of crude jS-bromoethyl alc^ohol is 

distilled under reduced pressure ; the pure compound is collected at- 145 -144)‘-^ 

The yield from 450 g. of bromine in 1500 c.c. of water is 120 ff. rHoad and’ 
Williams, J., 1917, 111 , 240; 1920, 117 , 359). ^ ^ 

Amylene also yields the bromohydrin by the action of aqueous br-oinine 
(E-ead and Reid, J ., 1928, 1488). Styrene, anethole, ?'i?c-safrolo react in the 
same way at 90° with aqueous bromine to furnish principally the corresponding 
bromohydrin. Indene furnishes the corresponding bromohydroxy-compound 
by the gradual action of bromine on a suspension of the hydrocarbon in w^atoi* 
(Pope and Read, J., 1912, 101 , 760; Read and Hurst, ibid., 1922, 121 , 2552). 

The addition of the elements of hypoiodous acid is effected con- 
veniently by the addition of the necessary amount of iodine to a 
moist ethereal solution of the unsaturated compound containing 
mercuric oxide in suspension. The ether must be free from alcohoi! 
By using alcohol as the solvent this method can be employed to 
prepare bromo ethers. If acetic anhydride be added to tlie ethereal 
solution before adding the iodine, it can also be used for the prepar- 
ation of iodoacetates (Brunei, Bull. Soc. chim., 1905, [iii], 33 382) 


— 02/cJoHexene (40 g.) cUlutod with l.'-O c.c.. 
of fther free from alcohol — shaken with 8 c.c. of water and 55 g. of niorcuric 
. I f grad-mlly added, the mixture Ling eoolod 

,<i>sappeared, tho susponde<l matter is 
collected and the ethereal solution shaken with a solution of potassium iodido 
and bisulphite. It is then dried and the solvent evaporated, leaving tho iodd- 
hy*m as an oil which slowly crystallises. It is purified by crystnllisaifion from 
light petroleum : it melts at 42° (Brunei, Ann. chhn., 1905, [vii] 6 “lo” 


7. Addition of Nitrosyl Chloride and Oxides of Nitrogen. 

Nitrosyl chloride or bromide unite directly with the double linkino- 
of most ui^urated hydrocarbons to give compounds which can be 
represented by the general formula > C(N 0) -0(01) < . The addition 
compounds thus produced are in many instances crvstalHne and 
characte^tic of the unsaturated compound yielding them A1 
S oompounds are formulated as nitroIo-coS^oS' most 

aid^?hs^! colomless owing to polymerisation to a dimeric ’form 
and perhaps also to isomerisation of the nitroso-groun to the ='Nr-r>W 
grouping. Nitroso-cMorides derived from unsatursfpd rnTM 
contaoning no hydrogen attached to the unSmSef 
appear to he exceptions, for (CHoloCfNOl'CrifPTT ^ q i 
substances are blue and similar 
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of compounds, similar in type to the nitrosochlorides. Nitrogen 
tetroxide gives nitrosates (I) ; nitrogen trioxide yields nitrosites (II) ; 

>C(N 0 )‘C(N 03 ) < >C(N0)-C(N02) < >C(N02)*C(N02) < 

(I-) (II.) (HI.) 

These substances are generally colourless and crystalline ; they are 
frequently used to characterise unsaturated hydrocarbons. 

It should be noted that nitrogen tetroxide may yield a dinitro- 
compound (III) as the principal product with substances such as 
diphenylbutadiene and dibenzalacetone. 

Nitrosochlorides, nitrosites, and nitrosates react with aniline, 
piperidine, and other primary and secondary amines ; the halogen, 
— NO 2 , or — NO 3 group being replaced by the amine residue to give 
nitroso amino -compounds or nitrolamines of the general type 
>C(NO)‘C(NHR.)<. Most nitrolamines crystallise well and serve 
to identify unsaturated compounds which do not give characteristic 
nitrosohalides, nitrosites, or nitrosates. 

The preparation of nitrosochlorides as a method of characterising 
terpenes and other unsaturated compounds was introduced by 
Tilden and his co-workers (Tilden and Shenstone, J., 1877, 31, 554; 
Tilden and Forster, ibid.^ 1894, 65, 324). Their procedure consisted 
in passing nitrosyl chloride into a well-cooled solution of the un- 
saturated compound in three or four times its bulk of chloroform. 
The product was precipitated by the addition of methyl alcohol. A 
more convenient method is to use a mixture of the unsaturated 
compound and amyl or ethyl nitrite in a suitable solvent as acetic 
acid or alcohol, and to add concentrated or fuming hydrochloric acid 
cautiously to the well-cooled solution. 

Preparation of Pinene Nitrosockloride . — ^Pinene (7 c.c.), amyl nitrite (10 c.e.), 
and glacial acetic acid (15 c.c.) are mixed and cooled in a freezing mixture. A 
well-cooled mixture of 5-5 o,c. of concentrated hydrochloric acid in an equal 
volume of glacial acetic acid is added gradually and with efficient stirring. 
A blue colour develops which should disappear before each further addition 
of the acid. The_ nitrosochloride separates as a white crystalline powder 
which can be purified from chloroform solution by the addition of methyl 
alcohol. ^ It is crystallised from benzene. 

The nitrosobromide is obtained by substituting the hydrochloric acid by 
hydrobromic acid. Limonene and dipentene nitrosochlorides are prepared by 
a similar method (Wallaeh, Aymalen, 1888, 245, 2ol). 

Preparation of Trimethylethylene Nitrosochloride. — ^Fuming hydrochloric acid 
(20 c.c.) is added, slowly to a cooled mixture of 14 g. of trimethylethylene and 
20 c.c. of amyl nitrite. The solution is stirred during the addition of the acid. 
The liquid becomes blue immediately and then slowly solidifies to a white paste 
of crystals. The solid matter is collected, washed with water and then with ice- 
cold alcohol till the odour of amyl nitrite disappears. The nitrosochloride thus 
obtained is dried on a porous tile ; yield 4 — 7 g., m. p. 74 — 75°, to a blue liquid. 

The nitrosochloride is readily soluble in most solvents except alcohol. Its 
solutions are colourless, or at the most have a faint green colour, at room 
temperature. On warming to 35° they become bluish-green owing to dissoci- 
ation to the n^-onomerie form. This form may be obtained pure by warming 
a solution of 3 g. of the nitrosochloride in 50 c.c. of ether for 20 — 30 minutes 
under refiux. A blue residue of the monomeric form remains on distilling ofi 
the ether. It rapidly polymerises to the dimeric form, m. p. 74 — 75°. 
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Prewation of Dipentene Nitromte.—^-B G. of concentrated nitric acid (d 1-4) 
are added slowly to a mixture of 5 g. of dipentene, 4 o.c. of amyl nitrito, and 2 c.c. 
of acetic acid. The solution must be cooled by immersion m a freozing mixtiiro 
and stirred during the addition of the nitric acid. After koopmg for soino time, 
alcohol is added till the solution is homogeneous. The solution is kept in a 
freezing mixture. Crystals which gradually separate on keeping are collected, 
washed with alcohol, and crystallised by slow evaporation from benzene. 

Preparation of Trimethylethylene Nitrosate.—A slow stream of nitrogen 
peroxide (generated from lead nitrate) is passed into a solution of 20 g. of 
trimethylethylene in 60 c.c. of ether, cooled in freezing mixtm*o. The solution 
becomes green, and after some time a small quantity of white crystals separate. 
They are collected, and consist of bimolecular trimethylethylene iiitrosatc, 
m. p. 98 — 99°, yield 2 — 6 g. 

The ethereal filtrate, after removal of the bimolecular nitrosato, is washed ten 
or twelve times with water, dried over anhydrous sodium sulphate, and then 
cautiously evaporated over a warm water -bath. A blue-green liquid remains 
(yield 30 — 35 g.), consisting of crude monomolecular trimothylothylono nitro- 
sate (Schmidt, Ber*, 1902, 35, 2336). 

Preparation of cycloHexene Nitrosite. — ^A concentrated aqueous solution of 
1 g. of sodium nitrite is covered with 1 g. of c^/eZohexone and 1 g. of light 
petroleum. It is cooled and a solution of 1 g. of acetic acid added. 

The nitrosite soon separates in white flocks ; a further amount is obtained 
after adding more sodium nitrite and acetic acid and keeping for some days. 
The nitrosite is purified by solution in chloroform and precipitation with methyl 
alcohol (Baeyer, Annalen, 1894, 278, 108). 

Preparation of Trimethylethylene Nitrosite, — ^A slow stream of nitrous fumes 
(from 80 g. of nitric acid and 10 g. of arsenious acid) is passed into a solution of 
20 g. of trimethylethylene in 60 c.c. of ether. The temperaturo must bo kox:)t 
below 10° by cooling in a bath, of ice and salt, and if necessary by interrupting 
the stream of gas. When the odour of the hydrocarbon has become faint, the 
ethereal solution is washed several times with water, until it has a pure blue 
colour. After drying over anhydrous sodium sulphate, the solution is evapor- 
ated carefully over a warm water-bath. A pure blue liquid remains, and it is 
freed from traces of ether and olefin by keeping in a partial vafumm over sul- 
phuric acid and potassium hydroxide at 0°. It polymerises in tho dark in ono 
or two days at the ordinary temperature to a white crystalline solid, m. j). 75° . 
It is depolymerised by warming at 75°. 

For the constitution of these compounds see J. Schmidt 
1902, 35, 2323, 2336, 3721, 3727, 3737; 1903, 36, 1765, 1768), 
Wieland {AnymUn, 1903, 329, 225; 1907, 353, 65; 1921, 424, 71; 
Ber,, 1904, 37, 1524). 

Preparation of Trimethylethylene Nitrolaniline. — ^Anilme (9 c.c.) in 15 — 20 c.c. 
of alcohol is heated for a few moments with 8 g. of trimethylethylene nitrosato. 
A vigorous reaction sets in, during which the nitrosate disappears. Tho clear 
solixtion is poured into a dish, and water added till a precipitate just forms. In 
a short time the vessel is filled with a mass of crystals of the nitrolamino. 
They are purified by crystallisation from alcohol, m. p. 140 — 141° (Wallach, 
AnnaZen, 1887, 241 , 296). 

Preparation of Pinene Nitrolpiperidine, — ^Pinene nitr os o chloride is warmed 
\^th ^ excess of 80% piperidine. After the vigorous reaction has subsided, 
the addition of water precipitates the nitrolpiperidine, m. p. 118 — 119° 
(Wallach, Annal&n, 1888, 245 , 253). 

I^itric acid caji comhine additively with some unsaturated hydro - 
carhons according to the scheme : — 

>C:C< + HNOa 


>C(0H)-C(N02)<. 
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The product isolated from the reaction may not be the simple 
hydroxynitro-compound. It may be either the corresponding 
nitric ester or the dehydration product. Thus aa-diphenylethylene, 
Ph 2 CrCH 2 , reacts with anhydrous nitric acid in carbon tetrachloride 
to give the nitro-alcohol Ph2C(0H)*CH2N02. Trimethylethylene, 
under similar conditions, gives the nitro-olefei (CH 3 ) 2 CIC(N 02 )CHo, 
formed probably by the dehydration of the corresponding nitro- 
alcohoL By treatment with a mixture of nitric acid and sulphuric 
acid, ethylene yields the nitrate of p-nitroethyl alcohol in addition to 
ethylene glycol dinitrate (Wieland and Sakellarios, Ber., 1920, 53, 
201 ; Wieland and Rahn, ibid,, 1921, 54, 1770). 

8. Other Additive Reactions, 

(1) Sulphurous Acid and Bisulphites, Arylsulphinic Acids , — 
Unsaturated hydrocarbons, as amylene, cyofohexene, pinene, di- 
pentene, combine with the elements of sulphurous acid on shaking 
with solutions of bisulphite, to give as principal product the corre- 
sponding sulphonic acid (Kolker and Lapworth, J., 1925, 127, 307). 

Some unsaturated acids, aldehydes, and ketones containing the 
grouping >C!C*CO react similarly to give (J-sulphonic acids (Valet, 
Annalen, 1870, 154, 63; Labb6, BuU, Soc, chim,, 1899, [iii], 21, 
1077 ; Messel, Annalen, 1871, 157, 15; Muller, Ber., 1873, 6, 1441 ; 
Heusler, ibid,, 1891, 24, 1805; Tiemann, ibid,, 1898, 31, 3304; 
Elnoevenagel, ibid,, 1904, 37, 4038). With the aldehydes and many 
ketones, the product is the sulphonate of the bisulphite compound. 

The combination of benzenesulphinic acid with some ap -unsaturated 
acids and ketones has been described by Kohler and Reimer {Amer. 
Chem. J„ 1904, 31, 163). 

(2) Hydrogen Sulphide and Mercaptans , — ^There are few recorded 
examples of the combination of hydrogen sulphide with the ethylenic 
grouping; it appears to be confined to unsaturated ketones. 

Mercaptans, however, are more reactive, for in suitable circum- 
stances they are able to combine with some unsaturated hydro- 
carbons as well as with unsaturated ketones and acids. This re- 
action is generally brought about by the action of a catalyst as 
hydrochloric or sulphuric acid, although some addition compounds 
have been obtained merely by mixing the mercaptan and the 
unsaturated compound (Posner, Ber., 1904, 37, 502 ; 1907, 40, 4788 ; 
Posner and Tscharno, ibid., 1905, 38, 646). 

Ruhemann (/., 1905, 87, 17, 461) recommends piperidine as a con- 
densing agent for the combination of unsaturated ketones with mer- 
captans, so as to prevent reaction of the carbonyl group with the 
mercaptan. 

(3) Sulphur Monochloride . — ^The interaction of sulphur chloride 
with some unsaturated compounds has been examined in detail by 
Gibson and Pope (J,, 1920, 117, 271) and by Pope and Smith {ibid,, 
1921, 119, 396; 1922, 121, 1166). Addition occurs with ethylene 
and its immediate homologues, with styrene and with allyl chloride 
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to yield halogen-substituted sulphides or, in some instances, disul- 
phides : — , I 

-CCl-C:- 

2 >c:c< -f S2CI2 — ^ yS + B (I.) 

-CCl-^- 

-6ci-i;- 

or 2>c:c< + S 2 CI 2 — ^ \s-S (II.) 

-9C1-9- 

Ethylene, propj'lene, and p-hutylene and styrene react according 
to the equation ( 1 ) ; trimethylethylene, p-methyl-A^-butylono, and 
aUyl chloride at low temperatures give disulphides, hiit at higher 
temperatures combination takes place to give the sulphide. 

(4) Aromatic Hydrocarbons, JPhenols, and Aromatic Amines . — 
Toluene, ([i-cumene, and the xylenes react with styrene in the j)res- 
ence of concentrated sulphuric acid to give diarylethanes (Kracmer, 
Spilker, and Eberhardt, Ber., 1890, 23, 3269). A more convenient 
technique, which has been applied to the combination of gaseous 
olefins with aromatic hydrocarbons, employs aluminium chloride as 
the catalyst (Balsohn, Bull. Soc. chim., 1879, [ii], 31, 529 ; Essner, 
ibid., 1881, [ii], 36, 212 ; Milligan and Reid, J. Amer. Cheni. tioc., 
1922, 44, 206). 

In the presence of a suitable catalyst, phenol combines com- 
paratively easily with unsaturated hydrocarbons to give as the 
principal product a pam-substituted phenol. Among the un.satur- 
ated compounds which have been used are isoamylono, styrene, 
dihydronaphthalene, cyciohexene, octahydronaphthalene, and the 
methylcycZohexenes. The combination has been brought about by 
zinc chloride, by sulphuric acid in glacial acetic acid, or by hydro- 
chloric acid (Konigs, Ber., 1890, 23, 3144; 1891, 24, 179, 3889; 
Schrauth and Quasebarth, ibid., 1924, 57, 854). 

Recently, aniline has been found to undergo a similar additive 
reaction with unsaturated hydrocarbons in the presence of aniline 
hydrobromide to give substituted aniUnes as the principal product. 
Secondary amines are produced at the same time, showing that the 
amino group is able to combine with the double bond in olefins 
(Hickinbottom, J., 1932, 2646; 1934, 319, 1981). 

(5) Other substances which can combine with unsaturated hydro- 
carbons, either alone or under the influence of a catalyst, are nitrogen 
trichloride ((kdeman and Howells, J. Amer. Chem. Soc., 1923, 45, 
3084) ; alkali metals (Schlenck, Appenrodt, Michael, and Thai, Ber., 
1914, 47, 473) ; mercury salts (K. A. Hofmann and Sand, ibid., 
1900, 33, 1340, 2692; Sand, ibid., 1901, 34, 1385, 2906; SchSller, 
Schrauth, and Essers, ibid., 1913, 46, 2864) ; acyl chlorides (Wieland 
and Bet^, ibid., 1922, 55, 2246). 

(6) Diels and his collaborators have examined in detail a number 
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of extremely interesting reactions between unsaturated- compounds, 
sucb as quinones, unsaturated aldehydes, unsaturated acids, their 
esters and anhydrides, with compounds containing conjugated 
double linkings such as butadiene, isoprene, c^cZopentadiene, and 
even heterocyclic compounds as furane and pyrrole (Diels, Blom, and 
Koll, Annalen, 1925, 443, 242; Diels and Alder, ibid., 1929, 470, 
62; 1931,490,236; Rer., 1929, 62, 2081 ; Diels, Alder, and Stein, 
ibid., 1929, 62, 2337). Except in a few cases, the addition occurs 
with the formation of a six-membered ring. The following examples 
illustrate this : — 


CH, 

CH 

I 

'^CH, 


CH-CHO 

CH, 


CH 

in 

^CH. 


CH-CO 

II >0 

CH-CO 


/CH,. 

CH CH-CO 

II I >0 

CH CH-CO 

^CH,/ (I.) 


CH CH-CHO 

II I 

CH CH, 

\ch/ 

/CH. 

/ ! ' 

CHl 

II CH, 

CH 

\6h/ 


2 \ 

CH-CO 

2 I >0 

CH-CO 


(II.) 


Cyclic unsaturated compounds containing a conjugated system of 
double bonds, such as cycfopentadiene and fulvenes, cyctohexadiene, 
furane react in the same way as butadiene. Thus cycZopentadiene 
and maleic anhydride furnish (II). The addition of dienes to 
quinones is discussed on p. 186. 

Addition of Butadiene to Maleic Anhydride : Formation of A^-Tetrahydro- 
phthalic Anhydride (I). — solution of about 2 — 2J- g. of butadiene in 10 c.c. 
of pure benzene is mixed with 4 g, of maleic anhydride and kept overnight in a 
sealed tube. It is then heated at 100° for 5 hours. On cooling, a white paste 
of crystals is obtained. It is collected by filtration and purifi.ed by crystallis- 
ation from hot light petroleum (b. p. 60 — 80°), m. p. 103 — 104°. On boiling 
with water it yields c^^-tetrahydrophthalie acid, m. p, 166°. 

Addition of Maleic Anhydride to cyclo Pentadiene : Formation of S : Q-Fndo~ 
methylene- A^-tetrahydrophthalic Anhydride (II). — c 2 /c?oPentadiene (Imol. prop.) 
is gradually added to a cooled suspension of maleic anhydride (1 mol. prop.) in 
o times its weight of benzene. Reaction commences immediately with the 
evolution of heat. The anhydride dissolves and the product commences to 
separate even before all the cjyc^opentadiene has been added. The product is 
collected by fi.ltration and purified by crystallisation from boiling light petroleum 
m. p. 164— -165°. 

The acid, m. p. 177 — 178°, is formed by boiling with w'-ater. 


9. The Influence of Structure and other Factors on Additive Reactions. 

The rate of addition of bromine to a double bond in non-aqueous 
solvent appears to be determined by a number of factors — (1) the 
position of the double bond vdth respect to the rest of the molecule, 
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(2) tlie nature of other groups present, (3) the solvent, and (4) the 
presence of catalysts. A number of qualitative observations have 
been made which show that the accumulation of negative groups 
; may so retard the rate of bromination that the dibroinide cannot be 
? isolated or its formation detected. The groups which have the most 
' pronounced effect are phenyl, halogens, carboxyl, or carbalkoxyL 
Thus CClalCClg, CeHgCClICClCeHs, PhCBrlC&Ph, Ph^CICHBr, 
PhgCICBrMe, Ph 2 CICPh 2 , bromomesaconic acid, and dibromofumaric 
acid, (G 02 H)CBr!CBr(C 02 H), are among those reported not to com- 
bine with bromine (compare Bauer, Ber., 1904, 37, 3317 ; J. ^pr, 
Chem,, 1905, [ii], 72, 201). 

More exact information of the retarding effect of these groups is 
afforded by determination of the rates of reaction. The results are 
most complete for the unsaturated acids, and it appears that 
xmsaturated acids containing a carboxyl group attached to one of the 
unsaturated carbon atoms, react more slowly than those in which 
I the carboxyl group is attached to a saturated carbon. Even this 
generalisation is subject to some exceptions. Although cinnamic 
acid and its methyl and ethyl esters combine but slowly with bromine 
in carbon tetrachloride, o-methoxy cinnamic acid combines extremely 
rapidly. The influence of the position of substituents on the 
reactivity of derivatives of cinnamic acid is seen also in the behaviour 
of a-phenylcnmamonitrile and its nitro-derivatives. The un- 
substituted nitrile combines with bromine with difficulty, while 
a-phenyl-p-nitrocinnamonitrile forms no additive compound with 
bromine. The corresponding ortho and meta nitro-compounds react 
^ with bromine (Williams and T. 0. James, 1928, 344 ; Sudborough 
and John Thomas, ibid., 1910, 97, 715, 2450). 

Catalysts^ further influence the addition of bromine ; hydrogen 
halides, moisture, and iodine have definite effects, while exposure to 
light also accelerates the addition. Further, the solvent also appears 
to have an effect, the addition of bromine to cinnamic acid being 
more rapid in carbon disulphide solution than in carbon tetra- 
^onde (compare Ley, Ber., 1917, 50, 243; Piutti and Calcagni, 
Eertd. Accad, Sci. Fis. Mat. Napoli, 1909, [iii], 15, 18; Abati, 
GazzeMa, 1908, 37, [ii],. 577 ; Vorlander and Siebert, Ber., 1906, 39, 


Although >CO and >CN groups have the effect of retarding 
^ombmation of bromine with an ethylene linking situated adjacent 
to it appears that these groups enhance the reactivity of the 

double bond towards some reagents which have little or no tendency 
additiyely with ethylene hydrocarbons. Among such 
substances are conjugated compounds, hydrogen cyanide, hydroxyl- 
amme, semicarbazide, ammonia, and amines, malonic ester, aceto- 
a^tie ^ter, cyanoacetic ester, and the like. These compounds add 
unsaturated nitriles, acids and their esters, ketones 
ana aldehydes containing the grouping >C;9-gO or >C:C-CN. 

of considerable importance in organic syntheses 
nd a short summary of typical combinations is given. 
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(a) Malomc Ester ^ Cyanoaceiic Ester ^ Acetoacetic Ester, etc., react 
with ap-imsaturated ketones and esters under the influence of 
sodium ethoxide, diethylamine, or piperidine : — 

(1) E-0H:CH-C0E' + CH^CCOaE'Os — ^ R*9H2'COE' I 

■cH(C02R")2; 

(2) R-CH:CH-C0R' + CH2(CN)C02R"— > R-CH-CHa-COR' 

CH(CN)-C02R" 

(S) R-CH:CH-C0R' + CH.-C0-CH2-C02Et — R-OH-CHo-COR 

CHg-CO-CH-CO^Et 
where R' = alkyl, aryl, or OAlk. 

(b) Hydrogen Cyanide. — ^The addition takes place with ap- 
unsaturated acids and their esters, ap-unsaturated nitriles, and 
ketones to give P-cyano-compounds of the general type, 

E-9H-CH2-COR' 

CN 

(Bredt and Kallen, Anndlen, 1896, 293, 350; Claus, ihid., 1878, 191, 
33; Lapworth, J., 1904, 85, 1214; Lapworth and McRae, ihid., 
1922, 121, 1699; Higginbotham and Lapworth, J ., 1922, 121, 49). : 

This reaction is of importance as it provides a method of preparing 
substituted succinic acids by the hydrolysis of the nitriles thus 
prepared. 

Pre'paration of Methylsuocinic Acid from Ethyl Orotonate. — ^Ethyl crotonate 
(5 g.) dissolved in 20 c.c. of alcohol is heated on a steam-bath after adding 
potassium cyanide (3 g. in 6 c.c. of water). The solution becomes yellow and 
'some ammonia is evolved. After 4 hours an excess of baryta solution is added 
and the heating continued till ammonia ceases to be evolved. The whole is 
evaporated to dryness and heated with concentrated nitric acid to destroy any 
unchanged crotonic acid. After removing the excess of nitric acid, the residue 
is extracted with ether. Evaporation of the ethereal solution gives 5 g. of 
crude methylsuccime acid, which is purified by washing with chloroform 
(Higginbotham and Lapworth, loc. cit.). 

(c) Ammonia, Amines, Hydroxylamine, Phenylhydrazine, and 
Semicarhazide. — ap -Unsaturated acids are, in general, able to unite 
with ammonia, aniline and its homologues, hydroxylamine to give 
an amide or salt of a p -substituted acid. The method is suited to the 
preparation of P-amino-acids, and the method of preparation is 
illustrated by the following example : — 

Preparation of p-Aminohutyric Acid. — 40 G. of crotonic acid and 400 c.c. of 
2o% aqueous ammonia are heated in an autoclave for 24 hours at 140°. The 
product is evaporated on the water-bath and then evaporated several times 
with alcohol till a crust forms on the surface. The product is then triturated 
with alcohol giving a white crystalline paste. After keeping in the ice-chest for 
12 hours the jS-amino-acid is collected and the filtrate evaporated to obtain a 
further quantity. The yield of jS-aminobutyric acid can be increased by sub- 
jecting the filtrate from the second crop to another treatment with 400 c.c. of 
aqueous ammonia in an autoclave (Scheibler, Ber., 1912, 45 , 2278; compare 
E. Fischer and Boder, ihid., 1901, 34 , 3755). 
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The addition of aniline to oc[3 -unsaturated acids is eirected similarly 
by heating the acid with the aniline (Autenrieth and Pretzell, Ber., 
1903,36,1262). 

PTC’pcLTCit'ioYi of ^•■JPh67^yI>ci7niTiob‘UtyTo>‘ii'il'LdP) ]Mo*C'.l‘t(JsllT li) (.11 2 COi'Ill.t li. 
Crotonic acid (8-6 g.) is heated for 4 hours at 180—190'^’ -witii two luolocailar 
proportions of aniline (20 g.). The product is treated with ico and then hyilro- 
chloric acid. The solid, which separates, is the hydrochloride of iho rtHpiirod 
amino-acid anilide. On decomposition with sodium bicarbonate in waU'r the 
free amino-anilide is obtained, m. p. 93°. 

Maleic andfumaric acid behave similarly toward aniline to give the 
anil of phenylasparagine (Tingle and Bates, J. Amer, Chem. Boc., 
1909, 31, 1233). 

Hydroxylamine reacts comparatively easily with some oep- 
unsaturated acids, as for example with cinnamic acid. 

Preparation of ^Plydroxyamino-P-phcriylpropioriiG Ac.hl . — -Au alcoholic 
solution of hydroxylamine (2 mol. props.) is poured on cinnamic* acid aiul Iho 
paste thus obtained is heated for 2 hours. The j3-hydroxyaiuim)-acid s<‘para.t.(‘s 
on cooling and is purified by crystallisation from hot alcohol, ni. p. ’ 
(decomp.) after reddening at 154° (Posner, 1903, 36. 4308; com]>uro ibid.., 
1905, 38, 2320; Posner and Oppermann, ibid., 1900, 39, 37()()}. 

Phenylbydraztne behaves similarly, but willi the iinx)ortant 
difference that elimination of the elements of wathr oc-.curs between 
the carboxyl group and the hydrazine residue to give ])yrazoUdoncs 

CH3-CH:CH-C02H + Ph-NH-NH^ 

CHa-CH-CHo 
NH-NHj 

(Knorr and Duden, Ber.^ 1892, 25, 759 ; 1893, 26, 103, 109). 

aP-XJnsatuxated ketones .also combine additivcly with aininoiiia 
and aniline to give |3-amino ketones and their derivatives ('I'arnbor 
and Wndi', Rer., 1898, 31, 349 ; Sokoloff and Latscliinoff, ibid., 1 874, 
7, 1384; Kohn, Monatsh,, 1904, 25, 135). 

For the addition of semicarhazide and hydroxylamine to the 
ethylenic li nkin g in a(i -unsaturated ketones and aldehydes see Tio- 
mann (Rer., 1900, 33, 562), v. Auwers {Annalen, 1020, 421, 13; 
Rcr., 1921, 54, 990), Harries and Jablonski (Rer., 1808, 31, 1371), 
Harries {Annalen, 1904, 330, 200). 

The presence of a second ethylenic bond in such a position that a 
conjugated system exists, modifies the reactivity. 

Such sj'Stems are known to react abnormally with hydro«-cn and 
bromine giving products in which the addition takes place at carbon 
atoms 1 and 4 and the formation of a double bond. between carbon 
atoms 2 and 3. This is illustrated by the following examples : 

CH,:CH*CH:CH2 CH^Br-CHrCH-CHaBr 
CH^ICCCHaVCHICHa CHaBr-C(CH3):CH-CH2Br 
PhCHICH-dHrcgPli — ^ PhCILj-CHrCH-ClHaPh 
C02H-CH.CH'CH:aE'C02H — COaH-CHa'CHICH-CHoCOoH 


•COoH 


NH ,CO 
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A number of similar types of addition have been described 
(TMele, Annalen, 1899, 306, 87, 145, 171, 176, 199, 201, 225; 1899, 
308, 333 ; 1900, 314, 296 ; Willstatter, ibid,, 1901, 317, 256). At one 
time this was thought to be a general reaction, butdt now appears 
that the products of the addition do not all fall into line with" this 
generalisation. Thus Chandrasena and Ingold (J., 1922, 121, 1310) 
pointed out that the presence of carbethoxyl or phenyl or an 
unsaturated grouping situated in the 1 or 4 or both positions 
resulted in the formation of 1 : 2- or 3 : 4-dibromides by the action 
of bromine (compare Hinrichsen, Annalen, 1904, 336, 168 ; Ber., 
1904, 37, 1121; Michael and Leighton, J. pr. Chem,, 1903, [ii], 
68, 521). More recently. Burton and Ingold have examined the 
products formed by addition to conjugated systems. They find 
that in the reduction by nascent hydrogen, both 1 : 2 and 1 : 4 
addition take place and they have been able to indicate general rules 
governing such additions (J., 1928, 904; 1929, 2022). 


10. Isomerisation of Unsaturated Co7n2:)ounds . 


The position of the double bond in some unsaturated compounds 
may be changed by treatment with. the appropriate reagent under 
suitable conditions. Allylbenzene and allyl phenyl ethers are very 
sensitive to warm alkali. On boiling for 5 — 10 minutes with potash 
lime they are converted into the isomeric propenjd derivatives 
(Claisen, J. pr. Cliem., 1922, [ii], 105, 83). This is frequently em- 
ployed to effect this change. It is, moreover, an isomerisation of 
industrial importance, for by means of it eugenol (VIII) and safrol 

(X) are converted into the corresponding ^5o-compounds (IX) and 

(XI) 


ch.-ch:cHo 


ch:ch-cHo 


OMe 
OH (VIII.) 


yOMe 
OH (IX.) 


ch2-ch:ch2 


(X.) 


ch:ch-ch« 


. V 

O-CH, 


y (XI.) 

O-CHa 


More recently Straus and Lemmel {Ber., 1921, 54, 25) have shown 
that A^-dihydronaphthalene is transformed into A^- dihydronaphth- 
alene by the prolonged action of sodium ethoxide at 140°. 

Ipatieff {Ber,, 1903, 36, 2003) found that y-methyl-A^ -butene, 
Me 2 CH-CHICH 2 , is partly isomerised to y-methyl-A^-butene, 
McgCICHMe, by passing over alumina at 525 — 535°. Similar 
methods — ^namely, passing the olefin over heated alumina or alumin-^ 
ium sulphate — ^have been used to isomerise the olefins (compare 
GiUet, Bull. Soc. chim, Belg., 1920, 29, 192; 1921, 30, 138). It is 
possible that some similar isomerisation may account for the ano- 
malous formation of olefins in the dehydration of the higher alcohols 
(compare Young and Lucas, J. Amer. Cliem. Boo., 1930, 52, 1964). 

The shifting of the double bond in a(3- and ^y-inisaturated acids 
under the influence of suitable catalysts is a well-known reaction 
(Fi^tig, Annalen, 1894, 283, 51 ; Ber., 1894, 27, 2676). The reagents 

- IIO^ I ;K 
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generally used to bring about the change are aqueous alkali, sodium 
alkoxides, sodium carbonate, ammonia, aliphatic amines, and piper- 
idine. (iy-Unsaturated ketones behave similarly, but usually acid 
reagents are employed to effect the isomerisation. 

These changes have recently been studied by Kon, Linstead, and 
their co-workers. They find that there is an equili brium between the 
a3- and py-forms using either potassium hydroxide or sodium 
ethoxide as catalysts. 

— CH:CH-CH2U0-R ^:± — CH^-CHICH-CO-R 

The probable mechanism of the change is also discussed (Linstead, 
J., 1927, 362; Kon and Linstead, ibid., 1929, 1209 ; Dickins, Hugh, 
and Kon, ibid., p. 572; Farrow and Kon, ibid., 1926, 2131; 
Goldberg and Linstead, ibid., 1928, 2343 ; Eccot and Linstead, ibid., 
1930, 905). 

(3) Acetylenes. 

A characteristic reaction of acetylene and its mono-alkyl and aryl 
derivatives of the type R*C:CH is the formation of sparingly solublo 
silver derivatives by reaction with ammoniacal silver nitrate. Even 
more sensitive is the action of alcoholic nitrate, which can bo used to 
detect quite small amounts of acetylenes, and for the higher acetylenes 
this is a more trustworthy reagent (Behai, Ann. Ghim., 1888, [vij, 
15,429; 1889, [vi], 16, 200). 

Ammoniacal cuprous chloride reacts similarly with mono- 
substituted acetylenes to give sparingly soluble reddish-yellow 
cuprous salts of the type R-C:C*Cu (Berthelot, Annalen, 1860, 138, 
245 ; 139, 150). This reaction, like that with silver nitrate, appears 
to be characteristic of the grouping — C:CH, for it is also given by 
aldehydes, alcohols, and esters containing such a grouping. 

A number of other metal derivatives have been prepared, but from 
the point of view of syntheses the most important are the sodium 
derivatives. These may be obtained by the action of metallic 
sodium on a cold ethereal solution of a mono-substituted acetylene 
(compare Lagermark, £er., 1879, 12, 853) or by sodamide on acetyl- 
enes (Bourguel, Oompt. rend., 1924, 178, 777 ; Meunier and Des- 
parmet, Bull. Soc. chim., 1924, [iv], 35, 481; Picon, Gompt. rend., 
1921, 173, 155). 

The Substituted acetylenic hydrocarbons of the type R-C:C-Me 
or R*C:C'Et, which give no silver or cuprous salts, undergo re- 
arrangement on heating in ether with sodium at about 100° to give 
the sodium salt of a mono-substituted acetylene. Thus mcthylethvl- 
acetylene, Me'C:C*Et, gives, xmder these conditions, the sodium salt 
of propylacetylene, C^H^-C-C-Na (Favorski, J. pr. Ghent., 1888, [ii], 
37, 418 ; Gustavson and Demjanoff, ibid., 1888, [ii], 38, 206). 

This change can also be brought about by heating with sodamide 
(Bourguel, Compt. rend., 1924, 178, 1984). The reverse change of a 
mono-substituted acetylene to one of the type R-C:C-Me can be 
achieved by heating with potassium hydroxide in alcohol at 170°. 
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Ethylacetylene, Et*C:CH, yields dimethylacet;>deiie, Me*C:C-Me, 
while propylacetylene, Pr‘C:CH, is converted into methylethyh 
acetylene, Et*C;C*Me (Favorski, J. pr, Ghem., 1888, [ii], 37, 382). 
Apparently the type of alkyl group in the mono -substituted acetylene 
is an important factor, for, while acetylenes containing normal alkyl 
groups undergo this change, those containing a secondary alkyl group 
are isomerised to diolefins, isopropyl acetylene, Me 2 CH'C:CH, giving 
Me 2 CICICH 2 . This isomerisation probably depends on the addition 
and subsequent elimination of the elements of alcohol, for from the 
product of the action of alcoholic potash on allylene, Me-C-CH, 
Favorski has isolated CH 2 *C(OEt)*CH 3 . 

The alkali metal derivatives of the acetylenes are useful reagents 
for the introduction of the acetylenic group. Thus, monosodio- 
acetylene in hquid ammonia reacts smoothly with primary alkyl 
iodides to give homologues of acetylene (Lebeau and Picon, Compt, 
rend., 1913, 156, 1077 ; Picon, ibid., 1919, 168, 894). Other reactions 
include the formation of acetyleiuc acids by the action of carbon 
dioxide or chloroformic esters (Glaser, Annalen, 1870, 154, 140 ; 
Lagermark, Rer., 1879, 12, 853; Lagermark and Eltekoff, ibid., p. 
854 ; Favorski, loc. cit.) ; the formation of ketones by reaction 
of the sodium acetylenes with acyl chlorides (Nef, Annalen, 1888, 
308, 276) ; the production of acetylenic alcohols by the action of 
ketones on the sodium derivative (Nef, loc. cit., p. 281 ; Moureu and 
Delange, Compt. rend., 1901, 133, 105; Moureu and Desmots, ibid., 
1901, 132, 1223; 1902, 134, 355; Hess and Munderloh, Ber., 1918, 
51, 377). This reaction goes more smoothly and is stated to give 
better yields, if instead of the sodium derivative of the acetylene, the 
free hydrocarbon is allowed to react with the sodium derivative of the 
ketone (Ruzicka and Fornasir, Helv. Chim. Acta, 1919, 2, 184; 
Wouseng, Ann. chim., 1924, [x], 1, 343). 

By virtue of their unsaturated linkages the acetylenes are able to 
combine additively 'with hydrogen, halogens, halogen hydrides, hypo- 
chlorous acid, and similar substances under conditions somewhat 
similar to those obtaining for the olefins. 

The combination with halogens can be considered as proceeding in 
tv/o stages. First, the addition of 1 molecule of the halogen to form 
a disubstituted olefin, and if this substance can combine with a 
further molecule of halogen, the final product wiU be a tetrahalogen 
derivative of the type R*C(Hal) 2 *C(Hal) 2 *R'. From the consider- 
ations previously discussed it is obvious that the addition of 4 atoms 
of halogens depends more on the nature of the groups present in the 
acetylene than on the halogen used. Acetylene and its immediate 
homologues react readily with bromine and chlorine. The hydro- 
carbon must generally be diluted in order to moderate the reaction. 
Iodine also combines additively. On the other hand, diphenyl- 
acetylene, Ph'C:C*Ph, gives only the dibromide, although chlorine at 
low temperatures gives a tetrachloride. Acetylene dicarboxylic acid 
and phenylpropiolic acid also form the cc^tisisponding dibromides. 

When the elements of water are added to the triple bond a product 
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containing a carbonyl group results, in accordance wii Ii the following 
R-C:C-R + H^O — > R-CO*CH,-R. 


With acetylene the product is acetaldehyde, but with its homologues 
only ketones result, the oxygen never becoming attached to the 
terminal carbon atom. 

This hydration can be effected directly by heating tlie acetylenic 
hydrocarbon with water to about 300° (Degroz, Ann. Chim., 1894, 
[vii], 3, 209). A more convenient method for many acetylenes, as 
tolane, Ph*C:C-Ph, or capryhdine, CgHiaC-CH, consists in dissolving 
the hydrocarbon in concentrated sulphuric acid and subsequently 
diluting with water (Behai, Bull. Soc. chim., 1887, 47, 33). This 
method succeeds also with some of the acetylenic acuds ; thus phenyl- 
propiohe ester gives benzoylacetic ester (Bacyor and Perkin, Bcr., 
1882, 15, 2705; compare Holt and Baruch, ibid., 1893, 26, 838). 
Many of those acetylenic acids which do not give- good yields of 
ketones by this method do so on prolonged heating with alcoholic 
potash (Moureu and Delange, Coynpt. rend., 1901, 132, 1121 ; 1903, 
136, 753). 

Mercmic salts in presence of aqueous acids facilitate the hydrai.ion 
of acetylene to acetaldehyde in a remarkable way. This {)r()(!(is.s has 
been the subject of many investigations. It is one of considerable 
technical importance, in that the acetaldehyde (wi be directly 
converted by oxygen under suitable conditions to anhydrous acetic 
acid, or by the action of small amounts of aluminium ethoxido into 
ethyl acetate (see p. 161). The process for the conversion of acetyl- 
ene into acetaldehyde consists essentially in passing acetylcuo into an 
aqueous solution of an acid containing a mercury salt. The many 
patents covering this reaction differ chiefly in the concentration of 
the acid, the temperature at which the reaction is effected, and in the 
methods of removing the acetaldehyde. A laboratory method has 
been described by Neumann and Schneider {Z. angew. Chmi., 1920, 
33, 189) ; they state that the best conditions for the conversion of 
acetylene to acetaldehyde consist in passing acetylene into 96 'X) 
acetic acid containing 3% of mercuric sulphate and maintained at 
30°. 

The action of the mercury salt is apparently connected with the 
formation of an additive compound. The best defined of these has 
the composition C 2 H 2 ,HgCl 2 , and results by passing acetylene into 
an alcohohe or aqueous solution of mercuric chloride under suitable 
conditions (BigineUi, Ann. Farm. Chim., 1898, 16 ; Brame, J., 1905, 
87, 427 ; Chapman and Jeiikins, ibid., 1919, 115, 847). Somewhat 
similar ^dition compounds result, although of not so well defined 
composition, if aqueous solutions of other mercuric salts are used 
(Nieuwland and Maguire, J. Amer. Ghem. 8og., 1906, 28, 1025; 
K. A. Hofmann, Ber., 1905, 38, 1999). 
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(1) Benzene and its Homologues. 

1. Oxidation. 

Isr spite of formulation with unsaturated valencies, the nucleus 
of the aromatic hydrocarbons is comparatively stable to oxidation. 
Benzene is attacked only slowly by aqueous permanganate, or by 
an aqueous solution of chromic acid. This comparative stability 
of the aromatic nucleus is further illustrated by the behaviour of the 
alkylbenzenes. On oxidation the side-chain is attacked preferenti- 
ally, producing carbonyl derivatives and carboxyl derivatives of 
benzene, the type of product being dependent on the experimental 
conditions. In general, the action of alkaline permanganate or of 
chromic acid yields acids, while manganese dioxide and sulphuric 
acid produces carbonyl compounds. 

The oxidation of side-chains in the aromatic nucleus to carboxyl 
groups is important in that it can be apphed to nitro and halogen 
nuclear-substituted homologues of benzene, and with suitable 
precautions to even aminoalkylbenzenes. Such oxidations accord- 
ingly serve not only to prepare substituted benzoic acids, but also 
D 33 
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to establish the orientation of alkyl groups in any substance of un- 
known configuration, by referring them to substituted benzoic acids 
of known orientation. \ 

Oxidation bv permanganate is Effected generally by heating the 
substance under reflux with an aqueous solution of permanganate 
(about 2 — 5% solution) containing sodium carbonate. The process 
is described in detail below. 

When more than one alkyl group is present, it is possible to effect 
the oxidation in stages, by using the necessary amount of j)ennangan- 
ate for the oxidation of one or two alkyl groups. When the alkyl 
groups are different, one may suffer oxidation preferentially, as in 
cjmene, where the methyl group is oxidised first with the formation 
of ^-isopropylbenzoic acid. 

Alkyl groups attached to the benzene nucleus may he oxidised 
to carboxyl by the use of chromium trioxide in moderately concen- 
trated sulphuric acid. The use of this reagent is usually confined 
to meia- and pam- compounds, for or^Ao-derivatives, if they are 
affected at aU by this reagent, are usually broken down to non- 
aromatic compounds. 

Diluted nitric acid has been extensively used for the oxidation 
of side-chains. It has, however, the disadvantage that the product 
usually contains appreciable amounts of nitro- compounds. It has 
been used advantageously in presence of dissolved pernuinganatc for 
the oxidation of tetrahalogen-siibstituted xylenes to the correspond- 
ing phthalic acids. 

Oxidation of ^-Chlorotoluene to -p-G7ilorobenzoic Acid, — A saturated Holution 
of permanganate is added gradually to p-chlorotolucno xindor reflux 

in a brine bath. When no more permanganate is reduced and thoro roftiains 
no unchanged chloro -compound, the reaction mixture is saturated w'ith sulphur 
dioxide till all the suspended manganese dioxide has dissolved. 2 ^- Chloro - 
benzoic acid separates on cooling, m. p. 235 — 236°. 

Oxidation of ^-Nitrotoluene to ’p-Nitrohenzoic Acid. — A mixturo of 'p-nitro- 
toluene (23 g.), c^stallised sodium dichromate (68 g.), and water (150 c.c.) 
is stirred mechanically in a flask fitted with a reflux condenser, whilo 200 g. 
of concentrated sulphuric acid are added gradually from a tap funnel. The 
mixture is then gently heated on a gauze for about J hour, thon cooled and 
mixed with 200 c.c. of water. The precipitate of crudo 2 ^-uitrobonzoic acid 
is collected on a pad of glass wool and washed with about 100 c.c. of water. 
The crude acid, which is dark coloured, is freed from admixed chromium 
compounds by digesting with 100 e.c. of iST-sulphuric acid oir a wator-bath. 
The residue, after washing with water, is triturated in a mortar with water 
and the resulting paste warmed with 5% aqueous sodium hydroxide solution. 
The i^oluble matter is^ collected by filtration. The filtrate yields p-nitro- 
benzoic acid on acidifjdng. It is purified by crystallisation from benzene, 

m,p. 237--238°~-yieldabout 20— 23g. 

Oxidation of 2 i 4: : ^-Trinitrotoluene to 2 : 4 : e-Trinitrohenzoic Acid. — 
Trmtrotomene (36 g.) is mixed with concentrated sulphuric acid (360 g.) 
and sti^d mechanically while powdered sodium dichromate (54 g.) is added 
gradually. The temperature of the reaction mixture must be kept at 45 — 55° 
duim^ the oxi^tion. The stirring is continued for 2 hours after all the 
oxidi^ng agent has been added, when the mixture is poured on 400 g. of crushed. 

tmutrobenzoio acid is filtered and washed with water till 

It is purified by stirring a suspension of the crude acid in 200 c.c. of water 
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while dilute aqueous sodium hydroxide is added drop by drop till a faint red 
colour is produced, which persists for about 5 minutes. The solution is then 
filtered from unchanged trinitrotoluene, after discharging the colour with a 
few drops of acetic acid. Pure trirdtrobenzoic acid separates from the filtrate 
on adding a slight excess of 50% sulphuric acid — ^yield 23 — 25 g. (Clarke and 
Hartman, Organic Syntheses, 1922, 2, 95). 

The side-chain may also be oxidised to -OHO or -CO*R by the 
apphcation of the appropriate methods. The use of chromyl 
chloride results in the formation of -CHO from methyl groups. 
Hydrocarbons with longer side-chains are converted into a mixture 
of ketone and aldehyde. Tor example, ethylbenzene gives a mixture 
of acetophenone and benzaldehyde, while propylbenzene gives 
benzyl methyl ketone as the principal product (v. Sliller and Rohde, 
Ber., 1890, 23, 1070). This method of oxidation was introduced 
by Etard {Gomjpt, rend,, 1877, 84 , 127 ; Ann, Chim,, 1881, [iv], 
22, 218), and from many methylbenzenes gives good yields of the 
corresponding aldehydes. It is, however, necessary to take special 
precautions, as the reaction may become very vigorous. 

Preriaraiion of -p-Tolylaldehyde, — p-Xylene (45 g.) diluted with twice its 
volume of chloroform is added slowly, over a period of IJ hours, to 150 g. 
of cliromyl chloride in 200 c.c. of chloroform. The reaction is controlled by 
cooling in a bath of ice. The reaction mixture is stirred during the addition 
of the xylene and for J hour after all the hydrocarbon has been added. It is 
kept over-night and then transferred to a round-bottomed flask containing 
a little water. An aqueous solution of sulphurous acid is added till all 
the chromic acid has been reduced. The product is then steam distilled. 
The chloroform layer is separated from the distillate, evaporated, and the 
residual aldehyde purified through its bisulphite compound — ^yield 70 — 80% 
(Law and F. M. Perkin, J., 1907, 91, 261). 

A number of other methods have been described for the prepar- 
ation of aldehydes from alkylbenzenes ; oxidation with manganese 
dioxide and diluted sulphuric acid (Fournier, Compt, rend., 1901, 
133, 634), with persulphate and silver sulphate, with lead peroxide 
and sulphuric acid, or electrolytic oxidation. A comparison of the 
effectiveness of these processes has been made by Law and Perkin 
{loc. cit.). An interesting method of preparation from methylbenzenes 
has been described by Thiele and Winter {Annalen, 1900, 311, 353). 
The hydrocarbon is oxidised by chromic acid in acetic anhydride 
containing sulphuric acid, and the aldehyde is converted into its 
diacetate, which protects it from further oxidation. 

Preparation of -p-Nitrohenzaldehyde Diacetate. — p-Nitrotoluene (5 g.) is 
dissolved in a mixture of acetic anhydride (40 g.), 15 g. of sulphuric acid, and 
40 g. of glacial acetic acid. The mixture is cooled in ice, and solid chromic 
oxide (10 g.) added gradually with vigorous mechanical stirring. The temper- 
ature is maintained between 0 and 10° throughout the reaction. The product 
is precipitated by pouring on ice, and after washing with water, is purified 
by crystallisation from alcohoh p-Xitrobenzaldehyde diacetate is obtained 
as prisms, m, p. 125°. It is hydrolysed to p-nitrobenzaldehyde by heating 
with dilute acid. 

Oxidation of aromatic hydrocarbons containing -HgC'CgHg as 
a side- chain proceeds smoothly by the action of chromic acid mix- 
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ture or chromic acid in glacial acetic acid, with the formation of a 
diaryl ketone. Halogen and nitro-nnelear-substitntod diphenyl- 
methanes react similarly, but compounds such as tolylphenylmothane 
or xylylphenylmethane have the methyl groups oxidised with the 
simultaneous formation of benzophenone carboxylic acids. 

2. Additive Beactions. 

Although the nucleus of aromatic hydrocarbons is com para, tively 
stable to oxidation, it can be reduced fairly readily, giving c?yrio- 
hexane or a homologue as the final product. The most convenient 
methods of reduction depend on the use of hydrogen in presence 
of a suitable catalyst, either by the Sabaticr-Senderens process, or 
the Willstatter method. 

In the former process the vaporised hydrocarbon mixed with 
hydrogen is passed over reduced nickel at 180 — 200'^. The experi- 
mental conditions depend largely on the hydrocarbon used ; those 
with long side-chains tend to eliminate the alkyl group at above 200°. 
The preparation of the catalyst also appears to exert an influcnc^e 
on the rate of reduction, and also on the reverse process of dehydro- 
genation, which normally takes place at higher temporaturcH (com- 
pare Skita and Ritter, jBer., 1911, 44, 668). For the expcrimontal 
details of this method, the original papers of Sabatier and Sonderens 
should be consulted {Compt. rend., 1901, 132, 210, 566, 1254; 
see also Sabatier, La Catalyse). On the preparation of the catalyst 
see also papers by Pfaff and Brunck (Bar., 1923, 56, 2463) ; Zelinski 
and Kommarevski {ibid., 1924, 57, 667). This procoBs can also 
he employed for the reduction of phenols and amines (Sabatier 
and Senderens, Compt. rend., 1903, 137, 1025 ; Sabatier and Mailhe, 
ibid., 1905, 140, 350; Vavon and Detrie, ibid., 1921, 172, 1231; 
Schrauth, Wege, and Danner, Ber., 1923, 56, 260). 

Another method of reduction involves the use of hydrogen in 
conjunction with platinum- or palladium-black or platiniscui asbestos 
(Willstatter and Hatt, Ber., 1912, 45, 1471 ; Wicland, ibid., 1912, 
45, 2615; Skita and W. A. Mayer, ibid., 1912, 45, 3593; sec }>. 8). 

Not only are the aromatic hydrocarbons able to attach six atoms 
of hyc^ogen, hut benzene can combine additively, under suitable 
conditions, with chlorine and bromine, giving compounds of the typo 
CgHgXg. The addition of the halogen to benzene is favoured by 
sunhght, a condition first observed by Faraday {Phil. Trans., 1825, 
440 ; compare Mitscherlich, Annalen, 1835, 16, 172), who also isolated 
a crystalline solid from the reaction. This was shown by later 
investigators to be a mixture of two stereoisomeric hexachloro- 
c^eZohexanes, CqKqGIq (Matthews, J., 1891, 59, 165; 1892, 61, 110; 
1898, 73, 243). Bromine behaves similarly giving a hexabromide. 
Both the hexahalogen compounds are decomposed by the action of 
alkalme solutions to give 1:2: 4-trihalogen-substituted benzenes, 
ihe aikylbenzenes, under the conditions which favour the production 
of hexachloroci/cZohexane from benzene, are substituted in the 
side-eham. 
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Additive compounds are formed also by the action of ozone and 
of hypochlorous acid on benzene (Carius, Annalen, 1865; 136; 324; 
Harries and Weiss, Be7\, 1904, 37, 3431). 

A further manifestation of the property of these hydrocarbons to 
combine additively is the formation of double compounds with some 
polynitro-compounds and with quinones. Thus a warm solution 
of picric acid in benzene deposits crystals of benzene picrate on 
cooling; it is, however, unstable, and loses benzene on exposure 
to the air (Fritsche, J. pr. Chem,, 1858, (1), 73, 282), The picrates 
of some of the higher homologues are more stable, those of 1 : 2 : 3 : 4- 
tetramethylbenzene and pentamethylbenzene being stable enough 
to be recrystallised from alcohol (Tohl, Ber., 1888, 21, 905 ; Jacobsen, 
ibid., 1887, 20, 898). 1:3: o-Trinitrobenzene also forms double 

compounds with benzene and its homologues, that derived from 
benzene being unstable, but those from durene and hexamethyl- 
benzene can be crystallised from acetic acid (Pfeiffer,* Annalen, 
1916, 412, 298). Quinones, and more especially the tetrahalogen- 
substituted ^-benzoquinones, also give addition compounds with 
aromatic hydrocarbons (Pfeiffer, ibid., 1916, 412, 291). 

3. Substitution. 

The usual action of reagents on benzene and its homologues is 
the replacement of one or more hydrogens in the nucleus. Thus 
nitric acid reacts to give nitro- compounds ; sulphuric acid to give 
sulphonic acids. Halogens, alkyl, acyl, aldehyde groups and many 
others can also be introduced into the aromatic nucleus by suitable 
methods. 

(a) Nitration . — The substitution of hydrogen in the aromatic 
nucleus by nitro-groups is achieved by the action of ' concentrated 
nitric acid. In this reaction it is necessary to prevent undue 
dilution of the nitric acid by the water liberated, either by employing 
a moderate excess of fuming nitric acid or by using a mixture of 
concentrated nitric acid with concentrated sulphuric acid. This 
latter method is generally the more convenient, for if slightly more 
than one molecular proportion of nitric acid diluted with concen- 
trated sulphuric acid be used, benzene and its immediate homologues 
yield mononitro- compounds smoothly. Two or three groups can 
be introduced by the use of a greater proportion of nitrating mixture 
at higher temperatures. The use of the nitrating mixture of nitric 
acid and sulphuric acid is best illustrated by typical examples. 

Preparation of o- and -p-Nitrotoluenes. — well-cooled mixture of 20 g. of 
nitric acid {d, 1*42) and of 30 g. concentrated sulphuric acid is dropped slowly 
into 20 g. of toluene. The mixture is stirred during the addition of the acid 
and the temperature is maintained at about 30° by suitable cooling. When all 
the acid has been added, the temperature is gradually raised to 50° and kept 
at this point for about 1 hour. It is then cooled, transferred to a separating 
funnel, and the lower layer of acid run off. The mixture of crude o- and p- 
nitrotoluenes is then washed successively with water, dilute sodium carbonate 
solution, and water. The product is a mixture of about 63% ortho, and about 
35 ^ para, the rest being meta. A small proportion of the para can be obtained 
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by cooling the crude product in a freezing mixture of ioo and salt, A better 
separation is achieved by distilling of£ about half of tlie mixture under reduced 
pressure. The residue consists largely of para which solidifies on cooling to 
0°. The distillate is rich in ortho, and on cooling to — 15° the ortho separates 
out in a crystalline state. It can be purified by repeating the operations of 
distillation and freezing. 

A similar process of nitration can be employed to obtain the 
nitroxylenes, nitrobenzene and also the nitrolialogenbenzcnes. 

Preparation of o- and p-Nitrobromohenzenes . — Broino benzene (15 g.) 
added slowly to a well-cooled and efficiently stirred niixturo of 10 g. nitric 
acid (d, 1*42) and 15 c.c. of concentrated sulphuric acid. When all tho bromo- 
benzene has been added, the reaction is completed by allowing tlio tomporature 
to rise to 30°. The mixture of nitro -compounds is isolated by pouring into 
water, and washing the collected precipitate till free from acid. Crystallisation 
from 50% aqueous alcohol yields almost pure jj-nitrobromobonzene, m. p. 
125°. The mother liquor contains the orifw isomerido contaminated by some 
para. 

Dinitration and trinitration succeeds by the use of a larger propor- 
tion. of mixed acid and usually a higher temperature. 

Preparation of 2 : 4c-Dmitrotoluene. — p-Nitrotoluono (50 g.) ia added to a 
murture of 20 g, nitric acid (d, 1-42) and 200 g. of concoritrato<l Kiilphurie acid 
mamtained at 40 — 50°. The mixture is gradually raised to 70° an<l kept at 
t^ temperature for 30 minutes. After cooling, it is cautio\isly diluted with 
40 c.c. of ^ter and the dinitro -compound separated off (W. H. Gibson, Duck- 
ham, and Pairbairn, J., 1922, 121, 278). 

Preparation of 2:4: ^-Trinitrotoluene from 4:-NUrotolumc . — 100 G. of 
p-mtrotoluene are added to a mixture of 800 g. of concoutratod sulphuric 
acid and 200 g. of nitric acid (85% concentration) maintained at 50°. The 
temperature is gradually raised to 120° during 5 hours. Tho prcKhict is isolated 
by pouring mto an excess of ice water. The yield is 158 g. of pract ically pure 


It appears that the formation of di- and tri-nitro- com pounds 
pro^eds more readily with toluene and xylene tlian with benzono, 
tor benzene yields a trinitro- compound only with difficulty. Indeed 
method of preparing trinitrobenzene is by the 
trnutrotoluene, and subsequent decarboxylation of 

XvW fiimuig nitric acid on benzene, o- 

bv tbL ^ converted smoothly into dinitroxylenes 

25° (Crossley and 

is forSL/h.p^^S^ ^+15^ V <imitro-compound of mosityleno 
droppmg the hydrocarbon into a moderate excess of 

inde^ a f preparation of mononitro-mesityleno is 

the mixture is heated for about nu ^ ^ x ?' glacial aoetio acid and 

cooled and poured^to ^ a nlrof so that it just refluxes. It is then 
up m ether, the ethere^olutiJn w^hed precipitated oil is taken 

with 30 o/„ potassium oarholr soI^rtr^lre^^y^^S 
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then washed three times with 10% sodium hydroxide solution to^ remove 
cD-nitromesitylene. The washed ethereal layer contains, in addition to 
.nitromesitylene, unchanged hydrocarbon, and usually some resinous matter. 
After the evaporation of the solvent it is best purified by distillation in 
steam, when the resinous matter remains as a non-volatile mass. The oil 
which has distilled over with the steam is collected and fractionally distilled 
under reduced pressure. The yield of nitromesitylene, m. p. 41 — 42°, is 
approximately 10 — 20 g. 

cD-jSTitromesitylene is isolated from the sodium hydroxide washings by 
saturating with carbon dioxide and extracting with ether. A further amount 
is obtained from the carbonate washings by a similar process. It is purified 
by distillation in steam and is obtained as a solid, m. p, 47°. The solution 
remaining after the extraction of the ci>-nitromesitylene yields mesitylenic 
acid on adding an excess of hydrochloric acid (G, Schultz, J5er., 1884, 17, 477; 
Bamberger and Kising, ^id., 1900, 33, 3^25). 

In contrast to mesitylene, its isomer 4^-cumene is comparatively 
difficult to nitrate. The mononitro-compound is best prepared 
by the action of mixed acid on 4^-cumene under carefully regulated 
conditions (Schultz, Ber., 1909, 42, 3606). 

Preparation of o-Nitro-tp-Cumene . — mixture of 35 g. of nitric acid (d, 
1*51) and 52 g. of concentrated sulphuric acid is run slowly into 30 g. of 
cumene. The temperature of the nitration must not be allowed to rise above 
20° and it must be stirred continuously. Alter 5 hours the nitration mixture 
is poured on to ice, and the semi-solid product, after taking up in ether and 
washing with sodium carbonate solution, is distilled in steam. 

Further anomalies are encountered in the nitration of tetra- and 
penta-methylbenzenes. Thus, durene yields a dinitro-compound 
with nitric acid, and all attempts to prepare a mononitro-compound 
by direct nitration have failed (Cain, Ber., 1895, 28 , 967 ; Riigheimer 
and Hankel, ibid., 1896, 29 , 2171; WiUstatter and Kubli, ibid., 
1909, 42 , 4151). Pentamethylbenzene, which gives no nitro- 
compound by the usual methods, loses a methyl group when treated 
in chloroform solution with absolute nitric acid and sulphuric acid, 
and yields 1:2:3: 4-tetramethyl-5 : 6-dinitrobenzene (WiUstatter 
and Kubli, loc. cit.). 

Other nitrating agents employed for the production of nitro- 
hydrocarbons are anhydrous nitric acid in carbon tetrachloride 
or chloroform (WiUstatter and KubU, loc. cit.), acetyl nitrate 
(Pictet and Khotinski, Ber., 1907, 40 , 1163), benzoyl nitrate 
(Francis, J., 1906, 89 , 1 ; Ber., 1906, 39 , 3798), inorganic nitrates 
such as copper nitrate or ferric nitrate in presence of acetic anhydride 
(Menke, Rec. trav. cJiem., 1925, 44 , 141). Although benzoyl nitrate 
reacts normally with toluene, xylene, and mesitylene to give ex- 
clusively nuclear nitro- compounds, durene behaves differently. 
It is substituted exclusively in the side- chain by its action to give 
2:4: 5-trimethylphenylnitromethane. Pentamethylbenzene and 
hexamethylbenzene are also substituted in the side-chain (WiUstatter 
and Kubli, loc. cit.). 

If the nitration of benzene is effected by means of nitric acid and 
mercuric nitrate, nitrophenols are the principal products (Wolf- 
fenstein and Boters, Ber., 1913, 46 , 586; Wolffenstein and Paar, 
ibiU.y p. 589 ; Vignon, Bull. Soc. cTiim., 1920 ;[iv], 27 , 547). 
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The introduction of nitro-groups into the side-(‘hain of the lower 
homologues of benzene is effected by the use of dilute nitric acid. 
The alkylbenzene is heated in a sealed tube with dilute nitric acid 
{d, 1*12 — 1*01) at about 100 — lOU for 5 — ^10 hours (Konovaloff, 
1895, 28, 1860). Toluene under these conditious giv(\s ])hcnyl- 
nitromethane — ^the yield being under the most favt>urabie con- 
ditions about 50% ; ethylbenzene under similar conditions furnishes 
a-nitroethylbenzene. This method is similar to that employed for 
the production of nitro -paraffins (sec p. 2)._ 

For discussions on the probable me(?hanisni of nit ration st^e Wie- 
land and Sakellarios {Ber., 1920, 53, 203), Wiclaud and Rahn {ibUL, 
1921, 54, 1770), Hollemann {Die direjeta Einfilhririg v, Bub slit uenten 
in den Benzollcern^ p. 476). 

(b) Sul'phonaiion. — Benzene and its homologues are (‘onverted 
into sulphonic acids by the action of fuming Rulphuri(‘ a<‘id at room 
temperature or by warming with concentrated sulphuric, acid : — 

CeHg + H^SO, — C6H5*S(\H 1 H,() 


A number of modifications of this process have Ixam i)ro posed, 
mainly for technical purposes. Thus, the mixture of the hydro- 
carbon and concentrated sulphuric acid may bo mixed with kicsel- 
guhr to form a paste and the sulphonation comph^ted by keeping 
the mixture for about 24 hours at room tomperatxire ( 7 1 ,r)5()). 
The sulphonation may also be achieved by heating with stdphuric 
acid containing a large proportion of sodium bisuh)hato (D.R.-P. 
113,784). 

The sulphonic acid is usually isolated as a salt, by iHuitralising 
the sulphonation mixture, which has been diluttul with wat('r, witli 
cphoiiates of calcium, barium, strontium, or lead in order to ])ro- 
cipitate the excess of sulphuric acid as sparingly soluble sulf)hate 
(the corresponding salts of the sulphonic acids arc generally soluble 
in water). An alternative method is to pour the sulphonation 
mixture into a solution of sodium sulphate or a similar salt of the 
alkali metals, when the alkali salt of the sulphonic acud is xisnally 
ppcipitated. Not infrequently, the sulphonic acid may bo obtained 
directly in a crystalline state by cautiously diluting tho sulphonation 
mixture with water. An ingenious method for the direct j)roduction 
of crystalline sulphonic acid consists in heating the sulj)huric acid 
mth an excess of the hydrocarbon so that the water produced in 
the reaction distils away with the excess of hydrocarbon. Tho 
water is then separated mechanically and the hj^'drocarbon returned 
to the sulphonation mixture (H. Meyer, AnyiaUn, 1923, 433, 327). 


Preparation of the Sodium Salt of Benzeneaulphonic Acid . — inixtxiro of 
qm volmnes of beazeii© and concentrated sulphuric acid is heated uiich'r 
A stirred mechanically till the benzene layer has 

^ A mixture is then poured into a large volume of 

neutralised by the addition of an aqueous paste of caleiuiri 
boiled fiTid tbe solution has been heated. The neutralised mixture is 
boiled and filtered from the suspended calcium salts. The filtrate is then 
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concentrated and treated with the exact amount of sodium carbonate dissolved 
in water. The precipitate of calcium carbonate is collected. Evaporation 
of the filtrate furnishes the sodium salt of benzenesulphonic acid. 

Preparation of Mesitylenesulphonic Acid. — ^Mesitylene (100 c.c.) is vigorously 
shaken with concentrated sulphuric acid (200 c.c.) in a 500-c,c. flask fitted 
with an air condenser. The temperature rises rapidly to 60° and the solution 
of the hydrocarbon is complete in about 10 minutes. The clear yellowish 
liquid thus obtained is poured, while still warm, into 400 c.c. of concentrated 
hydrochloric acid kept at 10° and vigorously stirred. The sulphonic acid is 
precipitated. It is collected by filtration and drained by suction — ^yield 
150 g. It is almost pure. It may be obtained quite pure by crystallisation 
from 600 g. of chloroform, m. p. 78° (L. I. Smith and 
Cass, J. Amer. Chem. Soc., 1932, 64, 1606). 

Preparation of p-Toluenesidphonic Acid. — mixture of 
40 c.c. of concentrated sulphuric acid and 200 c.c. of 
toluene is boiled under reflux in an apparatus repre- 
sented diagrammatically in Fig. 2. The heating is con- 
tinued for about 5 hours, when nearly 18 c.c. of water 
should have been collected in the trap. The unchanged 
toluene is then distilled off. The residue solidifies to a 
mass of the monohydrate of p-toluenesulphonic acid by 
the addition of 12 -o c.c. of water. The product is 
drained on a porous tile and then reerystallised from a 
small amount of water, m. p. 92° — ^yield of crude pro- 
duct, 92 g- (H. Meyer, loc. cit.). 


The immediate homologues of benzene, such as 
toluene, the xylenes, mesitylene, and tj;-cumene, 
are sulphonated more readily than benzene. The 
behaviour of durene and pentamethylbenzene 
towards sulphuric acid is abnormal. Thus pen- 
tamethylbenzene is converted into a mixture of 
hexamethylbsnzene and 1:2:3: 4-tetramethyl- Fig. 2. 

benzenesulphonic acid on keeping in contact with 
sulphuric acid at room temperature. Durene similarly furnishes a 
mixture of pentamethylbenzene and a mixture of two isomeric tri- 
methylbenzenesulphonic acids (Jacobsen, Ber., 1886, 19, 1209 ; 1887, 
20, 896 ; 1888, 21, 2814 ; L. I. Smith and Lux, J. Amer. Chem. Soc., 
1929, 51, 2994; .L. I. Smith and Cass, ibid., 1932, 54, 1614). Other 
examples of the abnormal action of concentrated sulphuric acid 
have been recorded. Monochlorodurene, on warming to 60° with 
sulphuric acid, gives chloropentamethylbenzene and ib-cumene- 
sulphonic acid (Tohl, Ber., 1892, 25, 1523). The action of sulphuric 
acid is not confined to the displacement of alkyl groups ; for mono- 
bromoprehnitene gives a mixture of prehnitene and dibromopreh- 
nitene (Tohl, loc. cit.). Monobromo-i{;-cumene and monobromo^ 
durene exhibit similar reactions (Jacobsen, Ber., 1887, 20, 2837; 
1889, 22, 1581). 

A second sulphonic group may be introduced by heating benzene- 
sulphonic acid with concentrated sulphuric acid or oleum at 
temperatures between 200° and 250°. The principal product is 
benzene-m-disulphonic acid. A small amount of the isomeric para- 
acid is also formed. According to Polak {Bee. trav. chim., 1910, 
[ii], 14, 416) an equilibrium is reached if the treatment with sulphuric 
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acid is continued. Rise in temperature ani^tlie prcsonoo of moisture 
accelerate th.e interconversion wieto-acid :^Zipam-acid. The ad- 
dition of catalysts, particularly mercuric sulphate, appears to 
favour the production of the ^ara-acid (Behrond and Mertelsmann, 
Annalen, 1911, 378, 352 ; compare, however, Holdermann, Ber., 1906, 
39, 1250). An examination of the behaviour of tolucncstilphonic 
acids in warm sulphuric acid has been made by Hollcmann and Galand 
{Ber., 1911, 44, 2504). They find that o-toluenesulj)honic acid and 
p-toiuenesulphonic acid are interconvertible on heating with 
concentrated sulphuric acid, an equilibrium being reached. They 
conclude that the change ortho :;:± para is an intramolecular 
reaction, and is not due to the elimination of the .sulphonic group 
followed by resulphonation. 

Chlorosulphonio acid may also be used for the preparation of 
sulphonic derivatives of the aromatic hydrocarbons. The aryl- 
sulphonio acid appears to be the first product of the reaction. By 
the action of an excess of chlorosulphonic acid on this, there results 
the chloride of the arylsulphonic acid (J. Stewart, J., 1922, 121, 
2556 ; Harding, ibid., 1921, 119, 1261). 

Preparation of o- and p-ToluenesnZpfionyl ChLoridrs . — 100 C!. of toluon .0 aro 
run slowly into 400 g. of clilorosulplionic acid cooled to 0*^. Tho aci<l is stirred 
dinmg the addition of the hydrocarbon and the tornporaturo must kept 
below 5°. The mixture is kept at this temperature for a period of 12 hours 
and then poured on ice. The toluenesulphonyl chlorides separate out. Thoy 
are removed. Cooling to — 20° causes the para compound to crystalliso, 
ap.d it may he filtered off. The filtrate is rich in tho oriJio ctimpound wlikdx 
may be obtained pure by fractional distillation under reduced ]>r(^HKuro. 

Preparation of 2 : ^-Dichlorohenzenesulphonyl Chloride. — p-l)i(.‘.hloroboiizono 
is added to 5-mol, proportions of chlorosulphonic acid and tli(^ luixturo lioated 
at 150° for 1 hour. After cooling, it is poured on crushed ico when the sulphonyl 
chloride separates as a solid, m. p. 39°. 


Sulphonation is frequently employed for the separation of a 
mixture of two or more hydrocarbons, by taking advantage of 
differences in solubility of the sulphonic acids or of their derivatives. 
The hydrocarbons are recovered from the sulphonic acids by dis- 
tillation in superheated steam or by heating with mineral acids 
at comparatively high temperatures. Frequently, separation is 
effected by taldng advantage of the fact that sulphonic acids differ 
in the^se with which they are converted into the corresponding 
hydrocarbons. The following description illustrates this (compare 
also p. 44). 


and Meaitylene. — Coal-tar solvent naphtha, b. p. 
loO 166 ^free from basic and acidic impurities — ^is sulphonated by the 
process described already for mesitylene (p. 41). 

^ acids is suspended ia 20% hydrochloric acid warmed 

to 30 and steam p^ed in. Mesitylene sulphonic acid is hydrolysed under 
&ese condition^ The solution after this treatment contains 0-cumeno- 
sncdphoiuc acid, horn which the hydrocarbon is obtained by mixing with 60% 
by (hstillation in steam (L. I. Smith and Cass, J. Amer. 
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(c) Halogenation . — The reaction of benzene and its homologuea 
towards the halogens is deterimned by the conditions of temperature, 
the absence of catalysts, or the absence of light. Boiling benzene, 
or benzene exposed to sunlight, furnishes, by the action of chlorine 
or bromine, an additive compound CgH^Halg. Although it is not 
improbable that the altylbenzenes may tend to form simhar addition 
compounds, their reaction is compHcated by the fact that these 
substances present to the halogen two points of attack, the nucleus 
and the side-chain. 

The behaviour of the alkylbenzenes has been most thoroughly 
investigated for toluene. It has been established that in sunlight 
and in the absence of catalysts, toluene is chlorinated almost ex- 
clusively in the methyl group, giving successively benzyl halide, 
benzalchloride and finally benzotrichloride. If the toluene be 
heated, the reaction is similar. A combination of favourable con- 
ditions of sunlight and a hot hydrocarbon appears to be the best 
method of introducing halogen into the side-chain without in any 
way substituting the nucleus ; and this holds not only for toluene, 
but also for the alkylbenzenes generally. (HoUemann and van 
Laan, Proc. K. Akad. WetenscTi, Amsterdam, 1905, 8, 512; Cohen, 
Dawson, Blockey, and Woodmansey, J., 1910, 97, 1623.) 

Suitable catalysts, on the other hand, notably ferric chloride, 
iodhae, or aluminium mercury couple, have the power of causing 
substitution to occur in the nucleus alone, even when other conditions 
favour halogenation of the side-chain. 

Conditions can be arranged, therefore, so as to obtain either 
products halogenated exclusively in the nucleus or in the side-chain, 
and the examples given below serve to illustrate the two types of 
process. 

Bor bromination or chlorination of the nucleus a number of suitable 
halogen carriers have been used. H. Muller (J., 1862, 15, 41) 
seems to have been the first to employ catalysts for this purpose. 
He showed that iodine and antimony pentacliloride promoted very 
effectively the formation of chlorobenzenes by the action of the 
halogen on the hydrocarbon. Other available catalysts are iron 
filings or anhydrous ferric chloride, aluminium or aluminium chloride, 
aluminium-mercury couple, pyridine, molybdenum pcntachloride. 
The general method of preparing the lialogen nuclear-substitutcd 
aromatic hydrocarbons consists in adding to the hydrocarbon con- 
taining the catalyst the appropriate amount of bromine, or passing 
•in chlorine until the desired increase in weight has been attained. 

Preparation ofo- aiid p-D ichlorob(mzrri.Cii.-—~Chhm ih(myA^iXii (15 g.) in .saiurnltHl 
with chlorine, and the vessel and its contouts arc^ woigluul. 0-2 G . of alnmiuiuiu 
mercury couple * is added and tho streain of chloriiio contiiuK'd nntii in- 
crease in weight amounts to ‘IdJ g. Tho Hank ouuiaiiung iho ehlorolx'n'/oui’^ 

* Preparation of Al-Hg Couj>lr . — Clean Htrijm of ahnainiuia ft>il nro covtuMui 
by a saturated solution of mercuric chloridi^ The aq\ieuUH Hohilian in poured 
ofi after about a minuto, tho aluminium waslKxl HucceHnivoly with water, 
alcohol, and benzono. The ooxiplo, thus in unt'd imuuMliately. 
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should be cooled during the chlorination. Tlio product <’<>UHisls jirincipally 
of a mixture of o- and ^-dichlorobenzonos. It is freed from rhloriiu' ami hydro- 
gen chloride by washing with water and sodiimi hydroxide drio<l, 

and then cooled in a freezing mixture to roniovo the groater part, of the 
compound. The liquid portion separated from the <*rystallino pant, by filtra- 
tion consists largely of the ortho with some dissolved p<'/n/.and tt‘ichloro])onzone. 
To separate the ortho from the para, advantage is taken of the resist aneo of 
p-dichlorobenzene to sulphonation. The liquitl portion is treato<l with an 
equal volume of fuming sulphuric acid, and after keeping for an hour, it is 
diluted carefully by the addition of ico. The sulphonatc'd prodmd, is now 
distilled in steam with the thermometer bulb in tlu^ li(|uid. A small aimnint 
of p-dichlorobenzene is collected while the toinporat-uro of t he liqui<l is betAvt'cn 
115° and 130°. Between 130° ami 230°, the distillate contains 1:2:4- 
trichlorobenzene, but above 230° the docoinposition of o-dielilorohenzc'iie- 
sulphonic acid takes place and the distillate contains pure f;-di<*hlorobonzene, 
which after separation from the distillate boils at 17H° (yii'ld 4 g,) (CoIk'u and 
P. Hartley, J., 1904, 87, 1362). 

Preparation of o- andp-Chlorotolumes . — A stroain of dry <*hloriiu' is letl into 
toluene containing either 1% or 2% of its w'oight of iron win^ t)r a small amount 
of iodine. When the increase in weight corres])ondK with the intiMxluetion of 
one atom of chlorine, the current of gas is stopped, the product fi-ecHl from iron 
compounds and from chlorine. It consists principally of a niixfun' of o- and 
p-chlorotoluenes. The separation depends on the fact that 1 1 u* -para is sulphon- 
ated more slowly than the ortho. Tho chlorination product- is ln'ated near 
its boiling point with two volumes of concentrated sulplmric acid. After 
cooling it is diluted with water, and tho crude para separat a's out- 

Preparation of 4: : Q-Dihromo-m-xylene . — 160 G- of bromimi (/.c. r)% excess 
over 4 mol. props.) are added gradually to 50 g. of m-xylene cont-aining a 
small amount of iodine. After standing for 2 hours, the ])r<)du<*t-, wluch has 
set to a paste of crystals, is stirred with sodium hydroxide solution to rtunovo 
excess of bromine, washed with water, and pressed on a porous tile. It is 
finally purified by distillation under reduced pressure, b. p. imn., 

m. p, 69° (Auwers and Traun, Per., 1899, 32, 3312). 2 : 5-Dil)romo-o-xylcno 

can be prepared similarly. 

For the production of chlorinated benzenes, Silberrad (J., 1922, 
121, 1015) recommends the use of sulphuryl chloride in preseuoc of 
aluminium chloride. 

It is obvious that the absence of catalysts which promote nuclear 
halogenation is essential when the halogen is to be introduced into 
the side-chain. This side-chain substitution is promoted by the 
presence of sulphur or of phosphorus trichloride, although tho halo- 
genation can proceed quite smoothly in absence of those compounds 
(Haussermann and Beck, Rer., 1892, 25, 2445). 


Preparation of o-Methylhenzyl Bromide (co-bromo-o-xylono).— -Bromine 
added to loO g. of o -xylene by means of a tap funnel, tho stem of 
wmch exten^ below the surface of the hydrocarbon. Tho xylene is inain- 
taoned at 130 by means of an oil-hath. When all the bromine has boon added, 
ne product is transferred to an evaporating dish and kept in a desiccator 
over potash tiU free from hydrogen bromide. It is then distilled at tho ordinary 
pressure. co-Bromo-o-xylene is collected at 215—218°, yield 80% of theory. 
m(n"91^169^ o-xylylene dibromide (Atkinson and Thori)c, J 

be prepared siniilarly from 50 g. of o-xylono and 
^ Tbe product on keeping in the desiccator solidifles, and 

crystallisation from chloroform is pure. 

J:)“' IS®®' S®' Atkinson and 
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The side-chain bromination of m- and 33-xylenes can be accomplished 
similarly, but the product consists of a mixture of mono-, di-, and tri-bromo- 
xylenes according to the relative amounts of bromine used. Por particulars 
of the preparation of these compounds see Atkinson and Thorp© (Zoc. cit.). 

The formation of iodo-substituted hydrocarbons, by the reaction 
of the hydrocarbon with elementary iodine, does not take place 
readily, and if the substitution is to proceed to any extent, it is 
necessary to remove the hydrogen iodide as fast as it is formed. 
To this end the iodination is carried out in presence of an oxidising 
agent, such as iodic acid, persulphate, or nitric acid or in presence of 
mercuric oxide. It is, however, more convenient to prepare the 
iodohydrocarbons through the diazo reaction if the amine necessary 
for such a reaction is readily accessible. 

Preparation of I odomesitylene . — ^Iodine (6 g.) and an equal weight of mesityl- 
ene are mixed in 25 g. of glacial acetic acid and a solution of 2 g. of iodic acid 
in 5 c.c. of water is added. The mixture is heated with vigorous stirring over 
a free flame for about 15 minutes. The addition of water precipitates crude 
i odomesitylene, which is freed from acid, and if necessary from iodine, by 
shaking with dilute sodium hydroxide solution. After drying, the oil is cooled 
in a freezing mixture, when i odomesitylene solidifies, m. p. 30°, b. p. 248 — 250° 
(Klages and Liecke, J, pr, Chem.^ 1900, [ii], 61, 311). 

By a similar process, ethylbenzene, p-xylene, m-ier^.-butyltoluene, and 
ilaobutylbenzen© yield iodo -compounds (Klages and Storp, ibid,, 1902, [ii], 65, 
564). Benzene does not give any appreciable yield of iodobenzene under 
these conditions (Kekule, Annalen, 1866, 137, 162). To bring about the 
reaction satisfactorily it is necessary to heat benzene with iodine and HIO3 in 
a sealed tube at 200°. 

The preparation of iodomesitylene and of iododurene can also be achieved 
by keeping a mixture of the appropriate hydrocarbon, mercuric oxide, and 
iodine at room temperature till the halogen has reacted. This may require 
several days (TOlil, Ber., 1892, 25, 1522). 

The iodination of benzene and its homologues appears to go quite 
smoothly in presence of sodium persulphate and comparatively 
high yields of the iodo-substituted hydrocarbon are obtained by this 
method (Elbs and Jaroslavzev, J, pr, Chem,, 1913, [ii], 88, 92). 

^Preparation of Iodobenzene . — A naixture of benzene (20 g.), iodine (20 g.), 
and sodium persulphate (80 g.) in 60 c.c. of glacial acetic acid is heated under 
reflux for about 15 hours. The product is isolated by dilution with water 
and separation of the oil. After the usual operations to free it from iodine 
and acid, it is distiVed. The main product is iodobenzene, b. p. 184 — 186°, 
yield about 70% of theory. The residue consists of p-di-iodobenzene. 

Toluene reacts under these conditions to give a mixture of o- and p-iodo- 
toluenes ; the ortho being present in greatest amount. From the xylenes and 
from 0-cumene, iodo -derivatives can be similarly prepared. 

Other methods for the direct introduction of iodine into the nucleus 
of aromatic hydrocarbons involve the use of iodine and concentrated 
nitric acid (Datta and Chatterjee, J . Amer. Ghem. 80 c., 1917, 39, 
437 ; Organic Syntheses, 1929, 9, 46), or iodine and sulphuric acid 
(Neumann, Annalen, 1887, 241, 84), or iodine, sulphur, and moder- 
ately concentrated nitric acid (Edinger and P. Goldberg, Ber., 1900, 
33, 2875). 
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(d) Friedel and Crafts Reaction,.— AXkjl halides react with benzene 
in presence of Aiag to sdeld alkylbenzenes. The reaction was 
first applied to the preparation of the homologuea of benzene by 
Friedel and Crafts (Compt. rend., 1877, 84, 1392, 1450), but the 
scope of the reaction has since been enlarged to include the incpar- 
ation of ketones, sulphones, aldehydes, amides, acid oliloridca, etc. 

1. Hydrocarbon Synthesis . — ^For a satisfactory reaction between 
the alkyl halide and the aromatic hydrocarbon the aluminium 
chloride must be anhydrous and the other reagents must bo dry. 
The product may consist of mono-, di-, tri-, or oven more complex 
alkylbenzenes according to the experimental conditions. When 
monoalkylbenzenes are required, it is usual, in order to prevent the 
undue formation of polyalkylbenzenes, to use an excess of the hydro- 
carbon, which also acts as a diluent in moderating the violcnoo of 
the reaction. 

The scope of the Friedel-Crafts reaction for the preparation of 
alkylbenzenes is restricted by the fact that those alkyl halides 
which are capable of isomerisation are generally isomcrised (hiring 
the condensation. Thus 7i-propyl halides give isopropylbenzenes, 
n-butyl halides give sec. -butyl derivatives, i,9obutyl halides give 
derivatives containing the ^er^.-butyl group. The tendency towards 
this isomerisation is apparently restricted by effecting the coiidons- 
ation at 0° (compare Heise, Ber,, 1891, 24, 768), but oven under these 
conditions the method is not satisfactory for the preparation of the 
higher normal alkylbenzenes. These can be obtained, however, 
quite conveniently by the Fittig reaction or by the reduction of the 
corresponding ketones, by Clemmensen’s nacthod. 

A general method of carrying out the Friedel and Crafts synthesis 
has been developed by Boedtker and his collaborators, and is 
exemplified by the following preparation (Boedtker, Bull. Soc. chirn.j 
1901, [iii], 25; 845). 

Pre'paration of isoPropylbenzene . — mixture of 100 g. of ?i-propyl chloride 
and 300 g. of benzene is dropped into a flask fitted with a rofhix condenser 
and containiug 700 g. of benzene and 20 g. of anhydrous aluminium chloride. 
The flask and its contents are maintained at about 80° by immersion in a bath 
of warm water. Access of moistme to the flask is prevented by fitting a 
suitable guard tube to the upper end of the condenser. When all the alkyl 
halide has been added, the reaction is allowed to continue until tho evolution 
of hydrogen chloride almost ceases. Boedtker recommends that tho alkyl- 
ation ^^ould be controlled by passing the evolved hydrogen chlori<lo through 
a weighed flask containing water, the reaction being stopped when tlio 
theoretical amount of hydrogen chloride has been evolved. 

The reaction mixture is finally poured on ice, tho upper layer of hydrc)- 
ca^on separated, and, after washing with dilute sodium hydroxide solution 
and water, is dried and fractionated. The yield of z^opropvlbonzono, b. p. 
151— 153°, is about 1X0— 118 g. 

used witk other alkyl halides, even ethyl 
chloride. The yield of ethylbenzene from 100 g. of ethyl chloride 
imder the conditions described is approximately 70 — 80 g. (Schreiner, 
J. pr. 1910, [ii], 81, 558). By the use of an excess of the 

appropriate alkyl halide several alkyl groups can be introduced. 
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The following papers should be consulted for experimental details : 
Jacobsen {Ber., 1881, 14, 2624), GaUe {ibid., 1883, 16, 1745), L. I. 
Smith {Organic Syntheses, 1930, 10, 32). The introduction of a 
second alkyl group into toluene by the Friedel-Crafts reaction appears 
to occur principally in the meta axidpara positions (Jacobsen, loc. cit. ; 
Baur, Ber., 1891, 24, 2833; v. Auwers and Kolhgs, ibid., 1922, 55, 
3872), but the experimental evidence is not entirely satisfactory. 

Halogen benzenes react similarly to benzene itself with alkyl 
halides giving ^-alkylhalogenbenzenes (Boedtker, Bull. Soc. chim., 
1906, [ii], 35, 825). Nitro-compounds and phenols do not undergo 
this reaction. 

Aluminium chloride may be replaced by anhydrous ferric chloride. 
Instead of using sublimed aluminium chloride as the catalyst, 
methods have been described in which the aluminium chloride is 
prepared in situ. This is effected either by the action of dry 
mercuric chloride on aluminium powder or filings in benzene sus- 
pension, or by passing a stream of hydrogen chloride into benzene 
containing aluminium filings (Radzievanovski, Ber., 1895, 28, 1137 ; 
Estreicher, ibid., 1900, 33, 439; Ray, J., 1920, 117, 1335). 

Under suitable conditions aluminium chloride may also be used 
as a dealkylating agent. Hexamethylbenzene heated with anhydrous 
chloride gives methyl chloride** and a mixture of penta-, tetra-, 
tri-, and di-methylbenzenes (Anschutz and Immendorff, Ber., 
1884, 17, 2816; 1885, 18, 657; Jacobsen, ibid., 1885, 18, 338; 
Anschutz, Annalen, 1886, 235, 177). Apparently xylene is more 
resistant, for the yield of toluene from it is comparatively small 
(F. Fischer and Niggemann, Ber., 1916, 49, T475; Boedtker and 
Halse, Bull. Soc. chim., 1916, [iv], 19, 444; Copisarow, J., 1921, 
119, 1806). This dealkylating action of aluminium chloride may be 
made use of for converting the residue of polyalkylbenzenes, re- 
maining after a preparation of an alkylbenzene by the Friedel and 
Crafts method, into the required monoalltylbenzene, by diluting 
with benzene and heating under reflux with the addition of aluminium 
chloride (Radzievanovski, Ber., 1894, 27, 3235). 

Halogen- substituted paraffins containing more than one halogen 
atom can also react with the aromatic nucleus under the influence 
of aluminium chloride yielding the corresponding aryl-substituted 
paraffin. Thus a : (3-dibromoethane with benzene gives oc : (i- 
diphenylethane ; chloroform furnishes triphenylmethane, while 
carbon tetrachloride gives as the end product triphenylmethyl 
chloride. This reaction does not appear to be convenient for intro- 
ducing the benzyl group by the action of benzyl chloride. The 
action of AICI 3 on some of the higher homologues of benzyl chloride 
is interesting. Thus S-phenyl-a-chlorobutane (I) gives tetrahydro- 
naphthalene (II) ; y-phenyl-a-chloropropane (III) gives as the 
principal product a viscid oil of comparatively high molecular 
weight, but there is formed also a small amount of hydrindene 
(IV); e-phenyl- a- chloropentane (V) gives a mixture containing a 
large proportion of phenylcvcfopentane (VI) (v. Braun and Deutsch, 
Ber., .1^12, 45, 1267). 
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Y-Phenyl-oc-^chlorobutanc (VII), in contrast to iks inoiner, iwS scarcely 
ajBfected by aluminium chloride (v. Braun, Grabowski, and Kirsch- 
baum, Ber,, 1913, 46, 1266). The behaviour of tiioso chloro-com- 
pounds should be compared with that of the (‘orrespondiug acid 
chlorides (pp. 49, 50). 
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J 2. The Formation of Ketones. — ^In the prcHcncc of aluniinium 
chloride, acyl chlorides react with the nuelcuis of the aromatic 
hydrocarbons and some of their derivatives to form kcd.ones according 
to the equation, 

OgHe + R-CO-Cl — ^ CgHg-CO-R H- HGl. 

While the hydrocarbon synthesis can be eireoted by the use of 
only a small proportion of aluminium cihloride, the satisfactory 
production of ketones by this method requires, in general, at least 
one molecular proportion of aluminium chloride for every ixiolecular 
proportion of the acid chloride. 

The reaction succeeds not only with aromatic hydrocarbons, but 
also with their halogen-substituted derivatives, with phenol (ithera, 
and even with aromatic amines in which the amino-groui) has been 
protected by acylation. jSTitro-compounds and phenols do not 
yield ketones by this reaction, although there arc one or two re- 
corded instances of the introduction of acyl groups, after observing 
certain precautions, into phenols by the use of aluminium chloride. 

A large variety of acyl chlorides can be employed in this con- 
densation — the chlorides of the fatty acids and of the aromatic 
acids, carbonyl chloride, thiophosgene, sulphonyl chloridos, and the 
chlorides of dibasic acids. The chlorides of chloro -substituted 
fatty acids react entirely with the formation of chloro -substituted 
ketones of the type CgHg-CO-CHgCL 

The experimental conditions differ somewhat according to the 
nature of the compound into which it is desired to introduce the 
acyl residue. With aromatic hydrocarbons and their cliloro- 
substituted derivatives it is usual to employ an excess to act as a 
^uent. When the amount of hydrocarbon is limited or it is solid, 
tne reaction is carried out by using approximately molecular pro- 
portions of the reactants dissolved in carbon disulphide. 
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Prepay'ation of p-Tolyl Methyl Ketone. — One kg. of toluene to wliich 160 g. 
of anhydrous aluminium chloride have been added is cooled in a bath of ice 
and 160 g. of acetyl chloride are run in gradually. At the same time pre- 
cautions are taken to prevent access of moisture. When all the acyl chloride 
has been added, the reaction mixture is removed from the ice-bath, and 
allowed to warm to 20°. All reaction having ceased, the mixture is poured 
into water and acidified with dilute hydrochloric acid. The upper layer is 
removed, washed with water, dried, and the excess of toluene removed by 
distillation. The yield of ketone, b. p. 220° or 116°/23 mm., is about 162 g. 

Preparation of w-Chloroacetophenone. — Chloroacetyl chloride is dissolved 
in an excess of benzene and one molecular proportion of aluminium chloride 
added. A violent reaction ensues. When this has subsided, ice and hydro- 
chloric acid are added. The benzene layer is separated, washed with water, 
dried, and the excess of benzene removed by distillation. The addition of 
light petroleum to the residue precipitates ^o-chloroacetophenon© in glistening 
plates, m. p. 59°. The yield is almost quantitative (Tutin, =/., 1910, 97, 2500). 

Preparation of oi-Chloro- 0 ‘ and -p-methoxy acetophenones. — One molecular 
proportion of anisole is mixed with rather more than one equivalent of chloro- 
acetyl chloride, and after diluting the mixture wdth three times its volume of 
carbon disulphide, one molecular proportion of powdered aluminium chloride 
is cautiously added. In order that the methyl group should not be split off, 
the flask and its contents should be kept quite cold during the addition of the 
aluminium chloride. After 3 hours, the carbon disulphide is decanted and the 
residue decomposed by the addition of ice and dilute hydrochloric acid. The 
product is extracted with ether, the ethereal solution washed with aqueous 
sodium hydroxide, dried, and the solvent evaporated. The residue on 
crystallisation from alcohol gives co-chloro-p-methoxyacetophenone, m. p, 
102°. The mother-liquors from the crystallisation of the para-compound 
contain a small amount of the ortho isomeride, which is separated mechanically 
and then crystallised several times. It separates in large diamond-shaped 
plates, m. p. 69° (Tutin, loc. cit.). 

Hydroxy ketones can be prepared by heating an alkoxybenzene 
with an acyl chloride and aluminium chloride. 

Preparation of ia-Chloro-A^-hydroxyacetophenone. — Chloroacetyl chloride 
(12 g.) is added in one portion to a mixture of anisole (10 g.}, carbon disulphide 
(50 g.), and anhydrous aluminium chloride (30 g.) previously heated under 
reflux on a steam-bath. The solvent is removed by distillation. The residue, 
after heating for 4 hours on a steam-bath, is decomposed by ice and dilute 
hydrochloric acid. The solid product is dissolved in the minimum volume of 
methyl alcohol and added in a thin stream to a 10% sodium carbonate solution 
(300 C.C.). The mixture is agitated for an hour, treated with charcoal, and 
acidified wdth hydrochloric acid. The ketone is then crystallised from 80% 
alcohol (yield, 7 — 8 g., m. p. 148°) (A. Robertson and Robinson, J., 1928, 
1464). 

Preparation of ^L-ChloropJienyhn-Pi'Opyl Ketone. — n-Butyryl chloride (30 g.) 
is added gradually wdth continuous stirring to 83 g. of chlorobei^zeno mixed 
with freshly prepared aluminium chloride (35 g.). The temperature is main- 
tained at 40 — 60°. After 4 hours, the product is poured on ice and the pale 
yellow oil, having been washed with aqueous sodium hydroxide solution, is 
distilled. 4-Chloro-n-propyl ketono is collected between 253° and 254° 
(uncorr.) as a colourless liquid which solidifies on cooling to a mass of tabular 
crystals, m. p. 36° (Morgan and Hickinbottom, J., 1921, 119, 1S85). 

The formation of hydrindone by the inner condensation of phenyl 
propionyl chloride is an interesting application of the Friedel and 
Crafts reaction (Kipping, J., 1894, 65, 480). 

Preparation of a-Hydrindone. — Phonylpropionyl chloride (25 g.) is dissolved 
in light petroleum (60 c.c., b. p. 60 — 70°) and about 25 g. of anhydrous alumin- 
E 
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ium chloride are added. The mixture is warmed gently under reflux and 
shaken till it begins to boil. A lively evolution of hydrogen <‘hlorido sols in. 
AVhen the evolution slackens the mixture is again wanned t ill the reaction 
becomes vigorous. The reaction is at an end when tho ovolifl ion of hydrogen 
chloride ceases. The mixture is cooled, water added <-autiously, and the 
hydrindone driven over in steam. The distillate is aaUiniUHl with sodium 
sulphate and the petroleum layer separated. After wa.sliing tlu^ product with 
sodium carbonate solution and water, it is dried and tho soK’ont roiuoved, 
leaving hvdrindone as an oil which solidifies on cooling to a mass of colourless 
crystals, in. p. 40—41°, yield 11 g. (Kipping, loc. cit.), 

Y-Plienylbutyryl chloride and its derivatives containing alkyl 
groups in the side-chain similarly undergo intorna.l condensation 
under the influence of aluminium chloride yielding ketotetra- 
hydronaphthalene and its alkyl-substituted derivatives. This 
reaction is of importance in that it furnishes products wliic^h have 
been used in the synthesis of alkylnaphthalenes (Harvey, Heilbron, 
and D. G. Wilkinson, J., 1930, 423 ; Heilbron and Wilkinson, 
ibid., 1930, 2637; Wilkinson, ibid., 1931, 1333). 

The formation of ketones by the Friedel-Crafts reaction can be 
accomplished also by interaction of acid anhydrides with hydro- 
carbons and phenol ethers. The following general conditions for 
this condensation are given by NoUer and Adams (J. A’mcr. Chem. 
8oc., 1924, 46, 1892). 


A solution of 0-5 mol. of aromatic hydrocarbon in 2()()c.c.of carbon tlmulphido, 
in a 1-1. flask fitted with stirrer, dropping funnel and condonH('i‘, in mixed with 
1*1 mol. proportions of powdered anhydrous aluminium chloride, and the 
appropriate acyl anhydride (0*5 mols.) added during 15 minutes. During tliis 
time the solvent boils and there is a rapid evolution of hydrogen chloride. 
When all the anhydride has been added the mixture is hoat od in a wat er-bath 
and stirred till there is practically no further evolution of hydrogen chloride. 
This usually requires about 30 minutes. Tho mixture is tluni cooled, x^ciired 
on ice, and the solvent allowed to evaporate in a well -ventilated f iirno cupboard. 
The product is taken up in ether, the ethereal solution washed with water and 
dilute alkali, and concentrated after drying. Tho residual ketone is tlien 
distilled under reduced pressure. 

When the hydrocarbon used in this condensation is available in quantity 
it may be used as the solvent in place of carbon disulphide. 

Acetophenone prepared in this way was obtained in good yield— 70— 83%, 
b, p. 201°. 

This process can also he used for the preparation of kotones of phenol others. 


The anhydrides of aromatic o-dibasic acids react with benzene in 
presence of aluminium chloride to furnish o-carboxylic acids of 
ketones. Thus phthalic anhydride and benzene yield o- benzoyl- 
benzoic acid (VIII) (Priedel and Crafts, Gompt. rend., 1878, 36, 1363 ; 
1881,92,833). 





CO 


(vm.) 


(IX.) 



HYDROCARBONS 


51 


Preparatio7i of o-Benzoylhenzoic Acid, — ^Phthalic acid (50 g.) and benzene 
(175 g.) are mixed and 100 g. of sublimed aluminium chloride added. The 
mass is stirred mechanically. The anhydride soon dissolves and hydrogen 
chloride commences to be evolved. After about 2 hours, the temperature 
of the mixture is gradually raised by heating in an oil -bath till a temperature 
of 75° is reached after abhut 9 hours. The reaction is then complete. Water 
is gradually added to the mass and the benzene driven over by distillation in 
steam. The aqueous layer in the flask is poured o££ from the reaction mass, 
which is then treated with an excess of sodium carbonate solution. Steam 
is passed into this mixture for 4 — 5 hours, when the aluminium hydroxide 
is filtered off and benzoylbenzoic acid precipitated from the filtrate by the 
addition of hydrochloric acid — ^jdeld 71*5 g., m. p. 94° (Heller and Schiilke, 
Ber,, 1908, 41, 3627). 

Substituted phthalie anhydrides behave similarly. If the pro- 
portion of aluminium chloride is reduced, the product contains a 
smaller or greater proportion of diphenylphthalide (Rubidge and 
Qua, J. Amer, CTiem, 8oc., 1914, 36, 732; Lawrance, ibid., 1920, 
42, 1871; ]Sr. H. Stephens, ibid., 1921, 43, 1950; McMullen, ibid., 
1921, 43, 1965). 

Succinic anhydride condenses in a similar manner with benzene 
to yield P-benzoylpropionic acid (IX) ; with naphthalene to give a 
mixture of a- and P-naphthoylpropionic acids, and with phenanthrene 
(Haworth, J., 1932, 1125; Haworth and Mavin, ibid., 1933, 1012). 
These reactions have been used for providing material for the 
synthesis of phenanthrene, benzanthracene, and chrysene. 

3. Formation of Aldehydes . — The introduction of the -CHO group 
into the nucleus of aromatic hydrocarbons can be accomplished 
directly by passing a stream of carbon monoxide and hydrogen 
chloride into the hydrocarbon to which have been added anhydrous 
aluminium chloride and some cuprous chloride. The dry gaseous 
mixture of carbon monoxide and hydrogen chloride appears to react 
in presence of aluminium chloride as if it were formyl chloride, 
H-COCl. Consequently this reaction can be considered as a special 
form of the ketone synthesis. 

Preparation of m.-Xylylalde7iydc. — ^The apparatus required consists of a 
■wide-necked flask or bottle fitted with a mechanical stirrer and inlet and 
exit tubes. In it are placed 30 g. of m-xylene, 45 g. of anhydrous aluminium 
chloride, and 4 g. of dry cupro-us chloride. The mixture is maintained at 
about 40 — 50° by an external bath of warm water. A stream of dried hydrogen 
chloride and carbon monoxide is led through the stirred mixture until it 
becomes so viscous that the stirrer can be rotated with difficulty. This 
usually requires about 4 — 5 ho-urs. The product is then treated with ice and 
distilled in steam. The distillate is taken up in ether, washed, dried, and 
fractionated. m-Xylylaldehyde passes over at 216 — 218° (yield 18 g.). The 
aldehyde may be purified further through its bisulphite compound. 

For the best yields, it appears necessary for the volume of the carbon 
monoxide to be about twice that of the hydrogen chloride. This can be 
gauged roughly — ^in the absence of suitable meters — by observing the rate 
of bubbling through the sulphuric acid which dries the gases before mixing 
(Gattermann, Annalen, 1906, 347, 372). 

This process has been nsed for the preparation of the alkyl- 
substituted benzaldehydes, the -CHO group entering the para 
position. Benzene itself does not react easily under these conditions, 
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but does so if aluminium bromide replaces the chloride. It has 
recently been shown that small amounts of anthrac^cnie and its 
homologues, as well as derivatives of^triphcnylniethane, may be 
formed in these reactions (Hey, J 1035, 72). 

4. Formation of Acids and Amides. — By the action of phosgene 
on benzene in presence of aluminium chloride, benzoyl chloride is 
formed. The method is, however, not a convenient g<meral method 
for the preparation of acid chlorides, since it is not always easy to 
prevent the further condensation of the acid chloidcle to the ketone. 

The amides of aromatic acids can be prepared by the condensation 
of urea chloride, NH 2 COCI, with the hyclrocar]>on under the influence 
of aluminium chloride. The reagent is ])rcparcd as it is required 
by heating cyanuric acid in a stream of dry hydrogen chloride. 
The gas is passed directly into the hydi‘ocarb{)n and a.lu minium 
chloride in carbon disulphide (Gattciunann, Ber., 32, 1117; 

Annalen, 1888, 244, 29). 

Phen^d^socyanate can be made to react with aron\atic* hydrocar- 
bons in presence of aluminium chloride to give anilides (Leuevkart, 
Ber., 1885, 18, 873; J. 'pr. Chem.., 1890, Lh], 41, 301). 

The mechanism of the Eriodel and Crafts reaction has been the 
subject of many investigations, yet the function of the aluminium 
chloride appears to be obscure. While tlie formation of the alkyl- 
benzenes can be accomplished satisfactorily by the use of only a 
small amount of aluminium chloride, the kctotio synt hesis rccpiires 
at least equimolecular amounts of aluminium (ihloride and achl chlor- 
ide if the reaction is to go to completion. The ditfercnco may not 
be the result of different mechanisms, but may bo dxio entirely to 
the removal of the free aluminium chloride by the hotono as it is 
formed in the reaction (Perrier, Ber., 1900, 33, 815; Jh^c^scikon, 
Rec. trav. chim., 1900, 19, 19; 1901, 20, 102; KStcclo, J., ltK)3, 83, 
1470; Oliver, Rec. trav. chim., 1914, 33, 91). 

An investigation of the mechanism of the reaction from another 
point of view has been described by Wicland and Bcdtag {Bar., 
1922, 55, 2246). They show that cyclohoxono (X) in able to add 
on acetyl chloride under the influence of aluminium cliloridc^. and 
that the chloro-ketone (XI) so formed splits ofl' hydrogcui cdiloride 
with the production of tetrahydroacetophexione (Xll). Benzoyl 
chloride behaves similarly. 

It seems not improbable that a similar reaction may occnir with 
benzene, although at present there is no direct evidence in favour 
of such a conclusion. 
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(e) Introduction of other Substituents. 

Alkyl Groups . — Some alcohols react with benzene in presence of 
sulphuric acid to give homologues of benzene. ^>oButyl alcohol 
condenses with benzene and toluene to give ^er^.-butylbenzene and 
^er^.-butyltoluene. Benzyl alcohol and m-nitrobenzyl alcohol 
similarly condense under the influence of sulphuric acid to give 
diphenylmethane and m-nitrodiphenylmethane, respectively (V. 
Mever and Wurster, Ber., 1873, 6, 963; Becker, ibid., 1882, 15, 
2091). 

Preparation of tert.-Butylbenzene . — ^Fuming sulphuric acid (30%, 1 kg.) is 
added gradually to a well-cooled mixture of 1 kg. of benzene and 250 g. of 
f^obutyl alcohol, which is stirred continuously. After f hour, the acid layer 
is separated and the hydrocarbon layer is washed with water and distilled. 
The following yields were obtained from 500 g. of alcohol : 263 g. of tert.- 
butylbenzene ; 150 g. of di-^eri.-butylbenzene (Verlev, Bull. Soc. chim., 1898, 
[hi], 19 , 72). 

Amino-Group . — Hydroxylamine hydrochloride condenses with 
benzene and its homologues under the influence of aluminium 
chloride to give monoamino-derivatives. The yields are poor and 
the method is quite unsuited for the preparation of amines (C. 
Graebe, Ber., 19()1, 34, 1778). 

Azo-Group . — ^Mesitylene couples readily with 2:4: 6-trinitro- 
diazobenzene sulphate to give 2:4: 6-trinitrobenzeneazomesitylene, 
(CH3)3C6H2N!N*C6H2(N02)3. Toluene, m-xylene, anthracene, and 
a-methylnaphthalene also appear to react similarly, but with these 
compounds the products of the reaction have not been isolated 
(K. H. Meyer and Tochtermann, Ber., 1921, 54, 2283). 

(f) Stability of Substituents in the Benzene Nucleus . — In the 
monosubstituted benzenes, the substituent groups are not easily 
displaced or eliminated. Thus the monohalogen benzenes, which 
might be expected, by analogy with the alkyl halides, to undergo 
replacement by -NHg, ~OH, -OAlk, -NO 2 , etc., are comparatively 
inert, and not affected by prolonged boiling with alcoholic or aqueous 
alkali, or by heating at 100° wdth ammonia or silver salts. Indeed, 
the conversion of chlorobenzene into phenol requires the action of 
an excess of 20% aqueous sodium hydroxide at 300° ; at 200° the 
chlorobenzene is recovered unchanged (K. H. Meyer and Bergius, 
Ber., 1914, 47, 3155). Aniline and the phenyl ethers are also very 
resistant to alkahne hydrolysis. This stability is, however, modified 
by the presence of other groups, and the effect is most marked with 
such groups as -“NO 2 , -CN, -CO'R. Of these, the nitro-group 
has the most pronounced activating effect. The influence of these 
groups is to make substituents adjacent or para more reactive. 
Thus 0 - and p-nitro chlorobenzenes are converted into the corre- 
sponding nitrophenols by heating with an excess of aqueous sodium 
hydroxide, into nitranilines by heating wdth ammonia under pressure, 
and into nitroanisoles by treatment with methyl alcoholic solutions 
of caustic potash. Groups meta to the nitro are not made reactive. 
ThiS is seen from the followiner table, which sives the nercentagce 
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of nitrobromobenzenes converted into nitrodialkylaniline by treat- 
ment with secondary amines at 183"^ for 45 minntes. 



ortho. 

meta. 

para. 

Diethylamine 

78-7 

0 

54*5 

Dipropylamine 

88*8 

0 

21*7 

Diamylamine 

82 

0 

13*1 


(NiiKoriU)lT, J. 2iu8a. 

(%vm. Soc., 
1808 , 29 , 600 ). 


This loosening effect is intensified by other nitro-grou ps occaipying 
positions ortho or para to the halogen, for 2 : 4-dinitroeJdorobenzene 
reacts more readily with aqueous alkali, ammonia, or sodium 
methoxide than either o- or jp-nitrochlorobenzene. In 2:4: 6- 
trinitrochloro- or bromo-benzene the halogen is very labile, and can 
be replaced by ~OH merely by treatment with warm dilute alkali. 
The labile character of the halogen in those compounds enables 
them to be used conveniently for the preparation of many di- and 
tri-nitro-compounds, some of which would be otherwiMO in*meessible. 
In addition to the replacements already referred to, the halogen 
may be replaced by ~OAr by treatment with xnotal jdienates; 
-NH-NHg by the action of hydrazine ; ->CNS by rea edion with thio- 
cyanates, and often by ~SH and -S— by treatmciit with alkali 
sulphide or hydrosulphide. The labile chlorine in the benzene ring 
can also react with the sodium derivatives of xna Ionic ester and 
acetoacetic ester (Borsche, Annalen, 1011, 386, 350; 379, 152; 


Preparation of 2 : 4,-Dinitrophenylhydrazinc , — 14 G. of hydrazine aulphato 
are sup)euded m 50 c.c. of hot water and 35 g. of potassiiiin at^otato add(Hl. 
^ter boiling for 5 minutes, cool and add 30 c.c. of alcohol to i)ro<*initat the 
morgamc salt. This is collected and washed with 25 c.c. of alcohol, T''ho 
nitrate and washings are combined and heated with a sohition of 20*2 g. of 
2 : 4-dimtrocHorob6nzene in 100 c.c. of alcohol. After boating uuden* reflux 
mixture is cooled and the dinitrophonylliydrazino 
collected (C. F. H. Allen, J, Amer, Chem, Soc,, 1930, 62, 2957). 

% 2 : 4-^mt>op/ieaoL--2 : 4-Dmitrochlorobonzono (10 g.) is 

^-nhydrous sodium carboiuita 

Som^e ^ r pre^pitated by the addition of an excess of <lihit<^ acid 

^ i ^-<3^troeliloro- and bromo-bcnzoncH with 
° (PP- 271-272). Keplacemcnt of tlie 

if alkoxy-poup is brought about by the addition of a 
solution of the requisite amount of potassium hydroxide in the 
Se the nitrohalogL benzene Lsolved in the 

hvdxated altali nr. + 1^® achieved using 

ny(^t^ aJkah acetates or alkah salts of other oreanic acids in 

m? M 1^* 32. 3639; 

The mtrated phenyl alkyl ethers in which the nitro-groups arc 
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ortho and para to the alkoxy-group resemble the nitrohalogen benz- 
enes, in that, on warming with aqueous alkali, nitrophenols are pro- 
duced. The ease with which this occurs increases with the number 
of nitro-groups, for while p-nitroanisole is only slowly converted 
into p-nitrophenol by boihng 10% aqueous caustic soda, 2:4:6- 
trinitroanisole is hydrolysed by cold aqueous solutions of the alkali 
carbonates to give salts of picric acid. The alkoxy-group can also 
be replaced by the hydrazino-residue by the action of hydrazine, and 
by substituted amino-groups by reaction with amines (Giua and 
Cherchi, Gazzetta, 1919, 49 , [ii], 152). The ^-toluenesulphonyl 
ester of 2 : 4-dinitrophenol behaves similarly (Ullmann and Nadai, 
Rer., 1908, 41, 1870). The amino-group of nitranilines can be 
replaced by hydroxyl by warming with aqueous alkali, or by other 
amino-groups by heating with amines, if there are nitro-groups 
situated or^o or para to it. 

The activating influence of nitro-groups is also found in polynitro- 
compounds, and here the nitro-group which suffers replacement is 
that which has other nitro-groups situated ortho and para to it. 
The following examples illustrate the general t 3 q)e of the reaction. 
Dinitrobenzene is converted into o-nitrophenol by heating with 
aqueous alkali, and is converted slowly into o-nitraniline by the 
action of alcoholic ammonia at room temperature; at 100° the 
reaction is complete in 2 hours (Laubenheimer, Rer., 1876, 9 , 1826 ; 
1878, 11, 1155). 2 : 3-Dinitrotoluene reacts similarly with alcoholic 
ammonia to give m-nitro-o-toluidine ; 2 : 5-dinitrotoluene gives 

5-nitro-o-toluidine as the principal product (Kenner and Parkin, 
J,, 1920, 117, 852). 1:2: 3-Trinitrobenzene reacts with sodium 

methoxide rapidly to give 2 : 6-dinitroanisole ; 1:2: 4-trinitro- 

benzene similarly yields 2 : 4-dinitroanisole (HoUemann and van 
Haeften, Rec, trav. chim., 1921, 40 , 67). For the reactions of trinitro- 
compounds with hydrazine see Giua {Gazzetta, 1919, 49 , [ii], 166), 

The action of the nitro-group is not confined to loosening amino-, 
nitro-, halogen, or alkoxy-groups, for it is able to make methyl 
groups 07'tho or para to it capable of condensing with aldehydes, 
esters, and some nitroso-compoimds under suitable conditions. 

o- and ^-Nitrotoluene condense with oxahc ester in presence of 
potassium ethoxide to give nitrophenylpyruvic ester (Reissert, 
Ber., 1897, 30, 1030; Reissert and Scherk, ibid., 1898, 31, 387; 
W. Wislicenus and Thoma, Annalen, 1924, 436, 45). 

NOa-CeH^-CHg+EtOaC-COgEt -> NOa-CeH^-CHg-CO-COaEt+EtOH 

Under the influence of secondary amines 2 : 4-dinitrotoluene 
condenses wdth benzaldehyde to give 2 : 4-dinitrostilbene according 
to the following scheme (Thiele and Escale, Ber., 1901, 34, 2842 ; 
Borsche, Annalen, 1911, 386, 351). 

(N02)2C6H3-CH3 -f Ph-CHO — >- (N02)2C6H4-CH:CH-Ph + H 2 O 

p-Nitrosodimethylaniline condenses with 2 : 4-dinitrotoluene to 
giv^dinitrobenzylidene-^-aminodimethylaniline. The reaction goes 
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smoothly and as the product is hydrolysed easily by acid to give 
2 : 4 -.dinitrohenzaldehyde, it is a very convenient method for the 
preparation of this substance (Sachs and R. Rcnipf, 23i T.^ 1002, 35, 
1224 ; Bennett and W. L. C. Pratt, J 1929, 1466). 


(NOJoC«HrCH« + NO-CgH^NMeo — 

6 4 3 -r rNOA.CJrf.-CH:N-C.H,NMe, 


Preparation oj 2 : 4:-D{nitrohenzaMc7bijde from 2 : 4-DlmyrotoIurnr.--^HH O. of 
??-nitrosodiinethylaniline and 91 g. of 2 : 4-dinitrot.c)luoiio di.ssolvod in about 
500 c.c. of 96% alcohol are heated on a boiling water-bath after the adtlition 
of 10 *g. of sodium carbonate. The colour gradually changes from dark greon 
to red-brown, and the condensation product fiepnratos, so that the mixture 
becomes almost solid. After cooling, the prothict is draiiaal at the pumi> and 
washed with several litres of boiling water. Tho yield of crudt^ material is 
about 130 g., and it may be used directly for hydxaylysis withoxit any 
purification. 

To this end, the crude condensation product (100 g.) is covorcai with a 
solution of 125 g. of concentrated hydrochloric aci<l in 125 g. <jf water and 
the mixture boiled, steam being passed in to ensure vigorous agit at ion. After 
keeping at the boiling point for 3 — 5 minutes, tho wholo mnss is cook'd, tho 
aqueous liquor removed, and the solid remelted as bc'fore* luuler a fn'sh jxor- 
tion of the same acid. The solid product is finally ■w'aslu'<l with waiter and 
dried. It is purified by crystallisation from light potrok'iim (b. p. 1)0 — 110®), 
m. p. 72° 

The behaviour of 2 : 4-dinitrophenol and 2:4: 6-trinitrD}>honol 
with phosphorus pentachloride to give comi)arativoly good yields 
of the corresponding chloro-compounds is another example of the 
effect of nitro-groups on the reactivity of substituents (Engeliiardt 
and Latschinoff, Ber., 1870, 3, 98; Clemni, /. p7\ (Jhem., 1870, 
[ii], 1, 154). This reaction only proceeds with dittkuilty in tlio ease 
of phenol. That the hydroxyl of the nitrophcnols (*an bo rej)laced 
more readily than that of phenol itself is further shown by the 
formation of picryl chloride by the action of tolu<^neHulj)honyl 
chloride and diethylaniline on picric acid. 2 : 4-l)irutrophenol 
reacts similarly, hut the yield of dinitrochlorobonzcnc is not so good. 
The toluenesulphonyl esters of o-nitrophenol and 2 : 4-dinitroj)h(‘nol 
can react with aniline and other primary aminos to give nitroamines 
(Ullmann andNadai, Rcr., 1908, 41, 1870). 


Preparation of Picryl Chloride from Picric Acid . — Picric acid (11'5 g.) is 
heated for 8 hours on a water-bath with 9*5 g. of toluenesxilphonyl chlori<lo, 
? g- of freshly distilled diethylaniline, and 9 g. of nitrobenzene. The product 
IS aci^fied, and steam distilled to remove nitrobenzene. 1'ho rt'sichn^, insol- 
uble in water, is crystallised from alcohol and then consists of pure T)icryl 
chloride, m. p. 83°. x ^ 

An in^resting type of reaction which further illustrates the aetiv- 
atmg i^uence of intro-groups is the behaviour of dinitro- compounds 
hydxoxylamine, in presence of alcoholic ethylate, o- and 
quinonoid salts probably of the typo 
while with ^-dinitrobenzene an amino-group 
IS introduced into the nucleus giving 2 : 4.dinitroaniline and : 4- 
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dinitro-m-phenylenediamine (Meisenheimer and Patzig, J5er., 1906, 
39, 2533). 

Preparation of 2 : 4,-Dimtro-m-phenylenediami7ie. — filtered solution ^ of 
hydroxylaraine, prepared by the addition of an excess of an alcoholic solution 
of sodium ethoxide to 1 g. of hydroxylamine hydrochloride, is added to 1 g. 
of m-dinitrobenzene. The precipitate which separates is just dissolved by 
the addition of water and the solution cooled strongly. 2 : 4-Dinitro-l : 3- 
diaminobenzene separates out, yield 90% of theory. The mother-liquor 
contains a little 2 : 4-dinitraniline. 

The nitro-groups have evidently rendered the ortho and para 
hydrogens more easily substituted. A somewhat similar phenomenon 
is observed in the behaviour of m-dinitro- compounds \vdth potassium 
cyanide. ‘m-Dinitrobenzene, heated in alcoholic solution with 
potassium cyanide, is converted first into 2 : 6 -dinitrobenzonitrile 
and by the further action of the cyanide into 2 -nitro- 6 -methoxy- 
benzonitrile. 2 : 4-Dinitrochlorobenzene under similar conditions 
yields successively 2 : 4-dinitro-3-cyanochlorobenzene and 2-nitro- 
3-cyano-4-methoxychlorobenzene. 

It has been found that groupings -CO 2 H, ~CHO, -SO 3 H, -CN, 
-CO-R are able to confer mobility on a halogen atom situated 
ortho or para to them, but the effect appears to be less marked than 
with the nitro-group (Schopff and co-workers, Ber., 1889, 22, 900, 
3281; 1890, 23 , 3440, 3445, 3451; 1891, 24 , 3771, 3785, 3808; 
Borsche, Stackmann, and Makaroff-Semljanski, ibid., 1916, 49 , 
2222 ). 

It will be observed that the groups which have an activating 
influence on substituents ortho and para to them are those which are 
me^a-directing. It might therefore seem not improbable that groups 
which are ortho- and pam-directing should exert an activating 
influence on substituents situated in the meta position. There is 
evidence in support of this supposition, although the effect is less 
pronounced than that due to the nitro-group (Kenner, /., 1914, 
2717 ; Kenner and Parkin, ibid., 1920, 852; Burton and Kenner, 
ibid., 1922, 489), and the volume of experimental work is com- 
paratively slender. The contrast in the activating action of -Cl 
and -NOg groups is seen by comparing the behaviour of the three 
trichlorobenzenes and the trinitrobenzenes with sodium methoxide. 
While 1:3: 5 -trichlorobenzene reacts more readily than either of its 
isomers to give 3 : 5-dichloroanisole, 1:3: 5-trinitrobenzene is the 
least reactive of the trinitrobenzenes towards sodium methoxide 
(Hollemann, Bee. trav. chim., 1918, 37 , 195; Hollemann and van 
Haeften, ibid., 1921, 40 , 67). Another example which suggests 
that the chloro-group activates in the meta position is the formation 
of 2-chloroanisaldehyde from 4-nitro-2-chlorobenzaldehyde by re- 
action with sodium methoxide in methyl alcohol (Tiemaim, Ber., 
1891, 24 , 709). Some further examples have been given by Burton 
and Kenner (J., 1922, 489). 

Many of the apparently irregular replacements in aromatic com- 
poui^ds containing methyl, halogen, and nitro-groups may in part 
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be due to the loosening effect of halogen and methyl. These may 
either enhance or partially neutralise that of the nitro-groups. 
After taking these factors into consideration, the replacement may 
often take an unexpected course. The following exaiiiples, taken 
from the literature, indicate the difficulty of lu-edicting with cer- 
tainty which group is replaceable. 


NOg* Cl * 

^2 

f alo. NH 3 

Holleraann, Reo. trav. 
chim., 1920, 39, 736. 


NO, 




01 




t NaOMo in alcohol 


NO. 


van de Vliet, i?cc. trav. chim., 1024, 43 , OOG. 


N02=>= 


(^NO, 

cl J “ * Brl J 


NO,* 


'NO, 


t ale. NHj 
LaubeatLeimer, 
Ber., 1876, 

9, 1826. 



*Br' 

NOa 

t NaOMe in alcohol 
Giua, Oazzetta, 
1921, 51, i, 
307. 


Me. 


*NO, 


Mo 

/Sci 


Mo 


* NO,/ 
NO.I 

NO, 

t Amines or NHj 


lOl 


Morgan and Drew, J., J 920, 117 788 : 
Morgan and L. A^ Jones, J., 1921, 119, 




Mo 


NOg* 


(ft) 

jNOo 


t 


t KH, 


NOo 


Burton and Kenner, J., 1921, 
119, 1047. 


Konnor and Parkin, J., 1920, 
117, 8 G 2 . 


* Group principally replaced, 
t Reagent employed. 

(a) Product eontams 61% 3-nitro-y-toIuidine and 39% 4-nitro.m-toIuidino. 

and that the point of attachment is determined not onlv hv con’ 


(2) Polycyclic Aromatic Hydrocarbons 
rings has two embon atoms S 

common. The more common types 
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of polycyclic liydrocarbons are formulated below, together with 
the system of numbering adopted. 


8 1 



5 4 

]^aphthalene. 





4 3 


Acenaphthene. 



Phenanthrene. 



These hydrocarbons display additive properties in varying degrees. 
They can be reduced more or less readily. They form addition 
compounds with some polynitro-compounds. They also add on 
halogens under suitable conditions, and some are also able to com- 
bine additively with nitric and nitrous acids. 

In spite of this tendency they undergo substitution quite readily 
and most of their derivatives are obtained by this means. 

f 1, Additive Reactions. 

The addition of hydrogen can be accomplished by treatment 
with sodium and an alcohol, but under these conditions the reduction 
appears to be restricted to the addition of two or four atoms of 
hydrogen. Thus naphthalene in ethyl alcohol is reduced by sodium 
to the 1 : 4-dihydride ; in amyl alcohol the 1:2:3: 4-tetrahydride 
is formed. Anthracene and phenanthrene in amyl alcohol yield 
dihydrides. 

Preparation of \ : A-Dihydronaphthalene , — boiling solution of 15 g. of 
naphthalene in 300 c.c. of commercial absolute alcohol is run slowly on to 
22*5 g. of sliced sodium in a round-bottomed 2-1. flask and the solution boiled 
till the metal dissolves. The greater part of the alcohol is recovered by 
distillation tlirough a fractionating column, and the dihydronaphthalene is 
driven over by a current of steam, and taken up from the distillate by ether. 
Dihydronaphthalene is obtained as an oil, b. p. 210°, which solidifies on 
cooling. It usually contains a small proportion of naphthalene (Bamberger 
and Lodter, Annalen, 1895, 288, 75). 

The reduction of naphthalene can also be effected catalytically, 
to give under suitable conditions either 1:2:3: 4-tetrahydro- 
naphthalene or the fully hydrogenated product decahydronaphthal- 
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ene (Leroux, Comp, rend., 1904, 139, 672; VVillstatter and Seitz, 
Ber., 1923, 56, 1388; ibid., 1924, 57,683; Zclintski, ilnd., 1923, 

56, 1723). , . . , 

Anthracene and phenanthrene can bo rocluced by treatment 
with sodium and amyl alcohol to give dih^'dro-derivatives (Graebe 
and Liebermann, Annalen, SpL, 1870, 7, 2()(> ; 3 . Schmidt and Mezger, 
Ber., 1906, 40, 4247). The reduction can be carried further cither 
by heating with phosphorus and hydriodic acid, or (*ata.lytically 
(Godchot, Compt. rend., 1904, 139, 604; Schrooter, van Ilulle, and 
H. Muller, Ber., 1923, 57, 2025). 

The formation of bronio and chloro addition compounds of 
naphthalene, anthracene, and phenanthrene has been rec-orded, 
but these compounds tend to eliminate the okmumts of halogen 
hydride, either on warming or on treatment with alkali, giving the 
corresponding halogen-substituted hydrocarbons ((^om])are W. H. 
Perkin, Ghem. News, 1876, 34, 145; Austin, 1908, 93, 1763). 

The addition of nitric acid and oxides of nitrogcui to anthracic no is 
considered in the section dealing with the nitration of anthracene 
(p. 63). 

Nitro-compounds such as picric acid, styplmic acid, and 1:3: 5- 
trinitrohenzene combine with the polycyclic aromati<j iiycirocarbons 
to give crystalline additive compoundvS, which can be purified by 
crystallisation from suitable solvents. They servo for the (diaractcr- 
isation of these hydrocarbons, and can also bo UBcd to isolate them 
from mixtures. The formation of picrates has also been recom- 
mended for the estimation of naphthalene and a(*enaphthenc 
(F. W. Kiister, Ber., 1894, 27, 1101). Phenanthrene may also be 
estimated as picrate by the method of Anschutz and C?. Schultz 
{Annulen, 1879, 196, 43) as modified by Lunge ( Joal Tar and 
Ammonia,’’ 1916, p. 643). It should be notecl, however, that tlic 
picrates of these hydrocarbons display unequal stabilities in ditlereiit 
solvents. The picrates of acenaphthene and naphthalene';, which 
can be prepared by warming the hydrocarbon with an aqueous 
solution of picric acid, may be crystallised unchanged from alc^ohol ; 
anthracene picrate crystallises well from benzene, but is decomposed 
by alcohol. 

2. Oxidation. 

La comparison mth benzene, the polycyclic hydrocarbons are 
oxidised comparatively easily. Chromic acid in glacial acetic acid 
converts them more or less readily into quinones. Anthracene 
yields anthraqumone quantitatively, and this reaction is employed 
for the quantitative estimation of anthracene. Chrysene also 
may be converted into the quinone almost quantitatively under 
suitable c(mditions. Acenaphthene, on the other hand, yields a 
q^one which is oxidised very readily to naphthalic acid, so that 
tne ;^eicl of acenaphthaquinone is usually small. The formation 
of phenant^aqumone by the oxidation of phenanthrene with 
chromic oxide is also accompanied by the oxidation product of the 
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quinone, diphenic acid, but the formation of the quinone proceeds 
more smoothly by using iodic acid as the oxidising agent. 

Pi'eparation of Anthraqumone. — ^Anthracene (10 g.) is dissolved in 120 c.c. 
of boiling glacial acetic acid, and a solution of 20 g. of chromic oxide in 
15 c.c. of water and 75 c.c. of glacial acetic acid is added drop by drop over 
a period of about 1 hour. The mixture is cooled and the oxidised product 
obtained by pouring the solution into about J 1. of water. The precipitated 
anthraquinone is collected, washed with hot water, then with dilute alkali, 
and again with water. The yield of dried anthraquinone is about 10 g. If 
pure anthracene was used for the oxidation, the quinone is best purified by 
sublimation. When the starting point is crude anthracene, pure anthra- 
quinone can be obtained by heating the dried crude quinone with about 5 
times its weight of 10% fuming sulphuric acid for 10 minutes at 100°, and 
then leaving the mixture for 12 hours in a moist place. The pure anthra- 
quinone is precipitated by pouring into water. The precipitate is collected, 
washed with hot dilute caustic soda solution, then with water, and dried in 
a steam oven. 

Preparation of Phenanthraquinone. — solution of 2-2 parts of chromic 
oxide in 5 — 6 parts of warm glacial acetic acid is added gradually to phen- 
anthrene dissolved in 4 — 5 parts of glacial acetic acid. The oxidation is 
completed by warming under reflux for a short time. The greater part of 
the solvent is recovered by distillation and the residue poured into water. 
The precipitate thus obtained is collected, washed with alkali and water, 
and then stirred with an excess of sodium bisulphite solution to extract the 
quinone. Phenanthra quinone is precipitated from the bisulphite solution by 
the addition of dilute acid, and purified by crystallisation from alcohol, benzene, 
or acetic acid, m. p. 205° (Graebe, Annalen, 1873, 167, 139). 

The oxidation of phenanthrene to the quinone can also be accomplished 
by heating with iodic acid in acetic acid solution. This method has been 
used for the quantitative determination of the hydrocarbon in commercial, 
specimens (Williams, J. Amer. Chem. jSoo., 1921, 43, 1918). 

Preparation of Chrysenequinone. — ^A thin paste of 50 g. of finely-powdered 
chrysene in 1 kg. of glacial acetic acid is heated to boiling and a solution 
of 100 g. of chromic oxide in 1 kg. of glacial acetic acid is added gradually 
over a period of 8 — 10 hours. It is advisable that no chromic acid should 
be added till that previously introduced has been completely reduced. After 
all the oxidising agent has been added, a considerable part of the chrysene - 
quinone separates out as orange-red prisms on cooling. The remainder is 
obtained by distilling off the greater part of the solvent, and diluting the 
residue with water. The yield of quinone by this method is stated to be 
96 — 97% (Bamberger and Burgdorf, Ber., 1890, 23, 2433). 

3. Substitution. 

It is intended to summarise here the behaviour of some of the 
better known polycyclic hydrocarbons towards substitution. With 
the exception of naphthalene, the information available on the 
reactions of the polycyclic hydrocarbons is comparatively scanty, 
and in many respects unsatisfactory. 

(a) Naphthalene. The introduction of halogen or nitro-group by 
the usual processes occurs at the a-position without the formation 
of any serious amounts of the isomeric p-compound. A second 
substituent also enters one of the free a'-positions. The nitration 
of oc-nitronaphthalene gives a mixture of 1:5- and 1 : 8-dinitro- 
naphthalene ; while 1 : 4- and 1 : 5-dihalogen naphthalenes result 
by the further halogenation of the a-chloro- and brom'o -naphth- 
alenes. 
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Tlie behaviour of naphthalene towards sulphonation is interesting. 
Ry reaction vith cold fuming sulphuric acid or with concentrated 
sulphuric acid at about 50 — 80°, naphthalene- a-sulphonic acid is 
formed. Sulphonation with concentrated sulphuric acid at higher 
temperatures gives increasing amounts of the p-acid. TJiis is slioAvn 
by the following table, due to Euwes {Rec, imv. 1909, 28 

298). 


Temperature. 

80®. 

100®. 

129®. 

i 

1 liiO”. 

Naphtbalene recovered after 8 hours, 
% 

27 

1 

' 20 

10 

(5-4 

Product contains % of a acid , 

90-4 

83-2 

44-4 

18-3 

,, j8 „ . 

3(5 

10-8 

5545 

81-7 


Apparently, the a-sulphonic acid is produced first, or at least 
more easily, and undergoes conversion into the p-acid by the action 
of the hot concentrated sulphuric acid (comj)a.ro the behaviour of 
benzene m-disulphonie acid, p. 41). 

Preparation of Naphthalene- ^-szilpho7iic Acid . — 400 O. of ('.onc(uUrato<l 
sulph-oxic acid are added to 250 g. of naphthalene inainiainod at 1(>0’^ and 
the temperature is kept constant for 20 minutes. Tlie niixturo is thoii tillowcnl 
to cool for a short time and poured into 300 c.c. of water. On cc^ding, nearly 
all the ^-acid separates out as trihydrato. It can bo i>urifkHl by tiiasolving 
in half its weight of water at 70® and adding appro ximat< 3 ly J o'f its weight 
hydrochloric acid. The pure ^-acid sopuratos out on cooling 
(Witt, Per., 1915, 48, 743). 


The introduction of a second sulphonic group occum in a position 
as remote as possible from the first one. Here also the cxperinoeutal 
conditions determine the configuration of the final })rochict. At 
lower temperatures, the a-sulphonic acid gives 1 : 5-disu]phonic acid, 
while the p-acid yields the 2 : 5-disulphonic acid. At higher toni- 
pe:^tures, a mixture of 2 : 7-, 2 : 6-, and 2 : 5-acids results. 
ttJ" alkylnaphthalenes by the application of the 

btaedel-Orafts reaction does not proceed smoothly. Tho ethyl 
hahdes and their immediate homologues yield a mixture of the 
COTespondi^ ^yl naphthalenes, the ^-compound Ttrodoniinating. 
ihe product always contains PP'-dinaphthyl and other substances 
produced by the action of aluminium chloride on naiihthalene. 

the preparation of ketones from naphthalene by tho Friodcl- 
Ur^s reaction see Samnelson (Svensk. Kent. Tidshr., 1922, 34 7) 

pfestitotion products of naphthalene bear a general resem- 
TW bt corresponding derivatives of benzene, 

alkali Tb on by Warm aqiieoiis 

a^ds dissolving in 

amines caJbe ^afJtisld coupling with diazonium salts. Tho 

spSive WJ^tant differences between tho re- 

^ naphthalene and benzene, one of the most 

hydroxy- and amino- 
P . Amiuonaphthalenes, by heating with aaueous RnHi'iin-j 
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bisulphite, or with aqueous sodium hydroxide or aqueous acids, 
are converted into the corresponding hydroxynaphthalenes, which 
may be reconverted into aminonaphthalenes by warming with 
ammonium sulphite solution. These reactions are dealt with more 
fully on j)p. 86 and 287. 

For a complete account of the chemistry of naphthalene and its 
derivatives, the article on Naphthalene ^'in Thorpe^s “ Dictionary 
of Applied Chemistry ’’ should be consulted. 

(b) Anthracene. The behaviour of anthracene towards substitu- 
tion is very interesting. The reactive positions are those situated 
between the two benzene nuclei, and there is strong evidence that 
substitution in these positions by -NOg and halogens is preceded 
by addition. The formation of anthracene 9 : 10-dichloride and 
dibromide by direct combination with the halogen and the subse- 
quent elimination of the elements of halogen hydride to give 9-chloro- 
or bromo-anthracene have already been referred to (see p. 60). 
The substitution of halogen in other positions requires more drastic 
conditions (K. H. Meyer and Zahn, Annalen, 1913, 396, 166). 

The nitration of anthracene has long been known to be abnormal, 
for the type of product obtained appeared to depend in no very 
obvious manner on the experimental conditions (A. G. Perkin, 
J., 1891, 59, 634; Perkin and J. E. McKenzie, ibid.^ 1892, 61, 865 ; 
Dimroth, Ber., 1901, 34, 221). The structure of its nitration products 
of anthracene have been reviewed by Meisenheimer and Connerade 
{Annalen, 1904, 330, 133) and it is now possible to present a rational 
account of its behaviour with nitric acid. 

Apparently the first product of the action of nitric acid is the 
formation of dihydronitroanthranol (I), which is converted into the 
acetate (II) provided that the anthracene is acted on by an acetic 
acid solution of nitric acid. In alcohol, the ether (HI) is formed, 
while an excess of nitric acid yields the nitrate (IV). Nitration in 
acetic anhydride solution yields 9-nitroanthracene (V), presumably 
by the dehydration of dihydronitroanthranol. 



Alcohol 
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Although halogens and nitric acid attack the 9 and 10 poisitiona, 
sulphonation gives anthracene a- and P-sulphonic acids. The re- 
corded observations on the sulphonation of anthracene are, however, 
often confusing and contradictory, but it appears tiuit sulphonation 
at comparatively low temperatures favours the formation of the 
oc-acid, while at higher temperatures more of the p-acid is j)roduced 
(Heffter, Ber., 1895, 28, 2258; Bayer and Co., D.R.-P. 251,()95; 
Liebermann, Annalen^ 1882, 212, 43; Bar., 1879, 12, 182). 

The appheation of the Friedel-Crafts reaction to anthracene is 
apparently hmited to the introduction of the benzoyl group, but 
even the information on this point is incomplete (Perrier, Bar., 
1900, 33, 816; Lippmann and Fleissner, ibid., 1899, 32, 2249; 
Lippmann and Keppich, ibid., 1900, 33, 3086). 

(c) Acenaphthene. Substituting reagents appear to attac^k the 
nucleus of acenaphthene almost exclusively. Thus broinination, 
chlorination, iodination, nitration or sulplionation under the 
usual conditions furnish mono-derivatives of acenaphthene with 
the substituent group in position 3. It seems, however, that by 
nitrating with benzoyl nitrate, or by sulphonating witli ehloro- 
sulphonic acid, the substituent enters position 1. An interesting 
observation has been made by Morgan and Slieasby {J.B.C.J., 1925, 
44 , 408t.). They point out that l-nitroacenaphthene is c‘otxvcrted 
into the isomeric 3-nitro-compound by warming in glacial acetic 
acid with the addition of mineral acid. 


The Friedel-Crafts reaction can be applied to aeenaj)hthcno 
for the formation of alkyl derivatives (F. Mayer and Kaufmann, 
Ber., 1920, 53, 289) and ketones (Graebe, Amuilen, 1903, 327, 91; 
Fleischer and Wolff, Ber., 1920, 53, 925; Mayer and Kaufmann, 
loc. cit.). 


(d) Fhenanthrene. Substitution in phcnanthrcnc oe.cuirs j)rc- 
ferentially in positions 9 and 10. Thus bromination or dilorination 
yields first 10-bromo- or chloro-phenanthrcnc, presumably through 
the intermediate formation of the 9 : 10-dihalogcn addition com- 
pound (Sandquist and Hagelin, Ber., 1918, 51, 1515; Austin, J., 
1908, 93, 1763). The action of 2 or 3 mols. of hTomino on })hon- 
anthrene has been studied exhaustively by Henstock {J., 1921, 119, 
55 ; 1923, 123, 3097), who isolated a number of dibromo-dorivativos 
such as 2 : 10-, 4 : 10-, 6 : 10-, 8 : 10-, and 2 : 7.dibromophena.uthreiic. 

Using nitric acid in glacial acetic acid, 10-nitrophonantlirene is 
formed as the principal product, together with some 4-nitro- and 
2-mtro-phenanthrenes (J. Schmidt and Heinle, Ber., 1913, 44, 1488). 
As with naphthalene, the result of the sulphonation of phenanthremo 
IS deteri^ed by the experimental conditions. At about 95 — 100“, 
phenantoene-lO-sulphonic acid is formed, at 120—130“ a mixture 

acids is formed (A. Werner, AnnaleTi, 
1902, 321, 248; Sandquist, ibid., 1911, 379, 79). 

A very fuh account of phenanthrene, acenaphthene, and related 
hydr^rl^ns and their derivatives can be found in The Higher 
Coal-Tar Hydrocarbons,- by A. E. Everest. For further information 
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on the chemistry of anthracene “ Anthracene and Anthraquinone,” 
by Barnett, should be consulted. 

Table I. 


Physical Cmistanis of the Paraffins and cjcloHexanes. 




B.p. 

d. 

nj). 

Tetramethylmethane . 

C 5 H 1 S 

9-5“ 

— 

— 

jS-Methylbutane . 

— 

31 

0'6390 

— 

n-Pentane .... 

— 

36 

0-63415 

— 

jBjS-Dimethylbutane 

CeHu 

49 

0 - 666 “ 

— 

Diwopropyl .... 

— 

58 

0-679“ 

— 

jS-Methylpentane . 

— 

61 

0-677“ 

— 

y-Methylpentaue . 

— 

64 

0-6681“ 

1-3811“ 

w-Hexane .... 

— 

69 

0-677“ 

1 - 3752 “ 

ci/ctoHexane 

C.H., 

81 

0-779f5 

— 

j3-Methylhexane . 

C,H„ 

89 

0-707“ 

— 

n-Heptane .... 

— 

98 

0-708g 

I‘3867i7‘6 

Methylcj/cZohexane 

C 7 H 14 

102 

0-766f5 

— 

Dmobutyl .... 

CsH.s 

108 

0-710“ 

1-393525 

woOetane .... 

— 

116 

0-7041^ 

1-394425 

1 : 3 -Dimethylc 2 /cZohexane 

CgHie 

120 

0 - 7745 ® 

— 

1 : 4-Dimethylcj/cZohexane 

— 

120 

0-769f 

— 

1 : 2-Dimethylc?/cZohexane 

— 

• 124 

0-800o“ 

-- 

ji-Octane .... 

CsH,s 

126 

0-718J 

1402920-0 

1:3: S-TrimethylcycZohexane . 


138 

0-759f 


n-Nonane .... 

C 9 H 20 

150 

0-733^ 

— 

Diisoamyl .... 

C 10 H 22 

159 

— 

— 

Menthane .... 

^'10^20 

170 

— 


n-Decane .... 

^loS-22 

173 

■ 

— 
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Table III. 

The Physical Constants of the Benzenoid Hydrocarbons and some of 

their Derivaiives. 



B.p. 

M. p. 

M. p. of prin- 
cipal nitration 
products. 

Sulphonyl 

derivatives. 

M. p. 

^ ^ 

Chlor- 1 
ide. ■ Amide. 

Di- 

Tri-. ’ 

Benzene 

80° 

5° 

90° 

122° 

14° 

148° 

Toluene 

110 



70 

82 

69(/) 

137 

Ethylbenzene 

136 

— 

oil 

37 

— 

— 

p-Xylene 

138 

13 

f 123 (o) 
\ 93(6) 

139 

25 

147 

m-Xylene 

139 

— 

/ 92(c) 
\ 82(d) 

182 

34(/) 

137 

o-Xylene 

142 



29(c) 


51(/) 

144 

wPropylbenzene . 

152 

— 


109 

■ 

107(/) 

?^•P^opylbenzene . 

158 

— 

— 

— 

— 

110(/) 

p-Ethyltoluene 

162 

— 

— 

92 

— 

— 

Mesitylene . 

163 

— , 

86 

231 

57 

141 

-Butylbenzene 

166 



— 

108 

— 

137(/) 

i// -Cumene . 

168 

— 

— 

185 

61 

181(6-) 

{soButylbenzene . 

170 

— 

— 

— 

— 

— 

^ec.-Butyibenzene . 

173 

— 

— 

— 

— 


p-Cymene 

175 

— 

— 

118 

— 


Hemellithene 

175 

— . 

— 

— 

— 

— 

Hydrindene . 

177 

— 


— 

— 

— 

7i-Butylbenzene 

180 

' — 1 

— 

— 

— 

— 

m-ieri . -Buty It oluene 

187 

— 

— 

97* 

— 

94 

Durene 

193 

80 

, — 

— 

99 

155 

25oDurene 

196 



156 

— 

— 

142 

S-^eri.-Butyl-m-xylene . 

201 

— 

68 

110* 

— 

141 

Prehnitene . 

204 

— 

176 

— 

— 

{ IST^^) 

Pentamethylbenzene 

231 

52 

— 

— 

82 

186 

Diphenyl 

254 

70 

— 

— 

— 

— 

Diphenylmethane . 

261 

27 

— 

— 

— 

— 

Hexamethylbenzene 

264 

164 

— 

— 

— 

— 

aj8-Diphenylethane 

284 

52 

— 

— 

— 

— 

Triphenylmethane 

358 

92 

— 

— i 

— 

— 


{a) 2 : 3-Dinitro-p-xylene. (&) 2 : G-Dinitro-j^-xylene. (c) 4 : 6-Dmitro- 
compound. (d) 2 : 4-Dinitro -compound. (e) 4-Xitro -compound. (/) 4- 
Sulpho-compound. (g) 5-Sulpho-compound. (h) Both values given, in 
literature. 

* Musk odour. 
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Chrysene ... 250 448 — Eed. Quinone, m. p. 235°. Pure hydrocarbon; red-violet fluorescence; 

qiiinone in II 28 O 4 — > blue. 

Perylcne ... 265 — — Qumone,d!>350°,then Sols., blue fluorescence. 

decomp, 

Picene . . , . 350 >500 — Quinone. Blue fluorescence. 



CHAPTEE III 


HYDEOXY-COMPOUNDS, THIOL COJVIPOHNDS, ETHEES, AXD 
THIOETHEES. 

(1) General Eeactions of Hydroxy-Compounds. 

(a) Formation of Metal Derivatives. 

(b) Formation of Ethers. 

(c) Formation of Acyl Derivatives. 

(d) Eeplacement of Hydroxyl by Halogen. 

(e) Eeplacement of Hydroxyl by Amino. 

(2) Special Eeactions of Alcohols. 

{a) Oxidation. 

(b) Elunination of the Elements of Water from Alcohols. 

(3) Special Eeactions of Phenols. 

(a) Formation of Nitroso -Derivatives. 

(h) Formation of Nitro-Derivatives. 

(c) Formation of Halogen Derivatives. 

(d) Eeaction with Diaz o -Compounds. 

(e) Introduction of Aldehyde and Keto Groups. 

(/) Introduction of Carboxyl Group. 

(g) Lederer-Manasse Eeaction. 

(4) Enolic Compounds. 

(5) Mercaptans and Thiophenols. 

(6) Ethers,' 

(a) Fission. 

(b) Additive Compounds. 

(c) Nuclear Substitution in the Aryl Ethers. 

(7) Thioethers. 

(1) General Eeactions of Hydroxy-Compounds, 

Althotjch the ease with which the hydroxyl of hydroxy-substituted 
hydrocarbons enters into reaction depends, other things being equal, 
on- the nature and configuration of the remainder of the molecule, 
nevertheless there are a number of types of reactions which are 
common to all hydroxy-compounds. Thus the hydrogen of the 
hydroxyl group can be replaced by metals, by acyl, alkyl, or aryl 
groups, or even the hydroxyl itself may be substituted by other 
groupings. 

(a) Formation of Metal Derivatives, — Hydroxy-substituted hydro- 
carbons dissolve sodium with the evolution of hydrogen and the 
formation of metal derivatives of the type R-ONa, where R is alkyl 
or aryl. Such compounds are obtained from the saturated aliphatic 
alcohols by the addition of sodium to an excess of the dry alcohol, 
carbon dioxide being excluded. For many purposes such solutions 
of the sodium alkoxide are suitable. If the alcohol-free product is 
required, the bulk of solvent may be removed by distillation and 
the residue freed from the remainder of the solvent by heating to 



REACTIONS OF ORGANIC COMPOUNDS 


D 

SO— 200° in a stream of dry carbon dioxide in a copper vessel. 
. more convenient general method for the preparation of dry alkali 
Icoholates is to allow the finely-divided metal in an indifferent 
fivent to react with the requisite amount of the alcohol. 

Preparation of Dry Sodium AlcoJiolates. — ^Finely-divided sodium is first 
repared by covering a weiglied amount of tlie clean metal with, xylene, 
Mch has been dried by keeping in contact with sodium and distilling over 
le same metal. 

The mixture of sodium and the dried xylene is heated until all the metal 
IS melted. The fiask', a stout round-bottomed one, is closed by a sound 
)rk and shaken vigorously till the sodium has solidified to a suspension of 
ae granules. It is necessary that the flask should be covered by dusters 
iring this operation to minimise the efiect should the flask burst. 

A more convenient method of obtaining the finely-divided metal is to stir 
le molten metal as it cools under the xylene by an efficient mechanical stirrer 
5ruhl, Ber., 1904, 37 , 2066,* compare Organic Syntheses, 1929, 9 , 3S). 

The dry sodium alkoxide is prepared by slowly adding the calculated 
nount of dry alcohol to the sodium powder, which is still suspended in the 
7lene. The mixture is again stirred mechanically. After the w’hole of the 
^iirrr has been added, the mixture is heated under reflux till all the sodium 
as reacted. If necessary, the white suspension of alcoholate can be collected, 
recautions being taken to prevent access of moisture and carbon dioxide. 
This method can also be employed for the preparation of sodium phenoxide 
.nm phenol. 

The Mgber secondary and tertiary alcohols react comparatively 
lowly with sodium and do not yield alcoholates readily. In stich 
ases potassium '' emulsified in benzene can be employed with 
dvantage. Thus cholesterol and ergosterol can be smoothly 
onverted into potassium derivatives by this method (Bose and 
)oran, J., 1929, 2246; Heilbron and Simpson, ibid., 1932, 270). 

The alcoholates of magnesium, calcium, and barium have been 
irepared by reaction of the metal with the lower aliphatic alcohols. 
Tor example, calcium ethoxide is obtained by boiling calcium with 
. large excess of dry ethyl alcohol and subsequently removing the 
)ulk of the alcohol by distillation and completing the evaporation 
n a vacuum desiccator. Crystals of the composition Ca(OEt)2,2EtOH 
ire thus obtained (F, M. Perkin and L. Pratt, J., 1909, 95, 159). 

^ Preparation of Magnesium Ethoxide. — suspension of 10 g. of magnesium 
ilings in 100 c.c, of absolute alcohol and 20 c.c. of xylene, to which a small 
imount of mercuric chloride and iodine have been added, is heated gently 
mder reflux. An evolution of hydrogen commences and the filings begin 
JO be surrounded by a distinctly crystalline mass of Mg(OEt)2, which gradu- 
ally increases in telk till it fills the flask and resembles boiled rice in appear- 
ance, After heating for about 5 hours the reaction is complete. The product 
may then be heed from solvent by distillation or filtration. It is a colourless 
ma^ almost insoluble in water (Meerwein and H. Schmidt, Annalen, 1925, 
444 , 236). 

The alcoholates of alumimum have important practical applic- 
ations (seepp. 127—130, 161) and are prepared by methods similar to 
that employed for the preparation of magnesium ethoxide (Gladstone 
and Tribe, J., 1881, 39, 1 ; Tischtschenko, J. Jiuss. Phys, Ohem. Soc„ 
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Preparation of Aluminium Ethoxide. — Coarse aluminium powder (100 g.) 
is covered by 650 c.c. of dry xylene in a flask fitted with a reflux and a 
dropping funnel. The xylene is heated to boiling and 440 c.c. of absolute 
alcohol in which 0-5 g. of mercuric chloride and of iodine, respectively, have 
been dissolved, are dropped into the boiling liquid. A vigorous reaction sets 
in, and the flask must be removed from the source of heat. Fresh alcohol 
is added as required. When about 330 c.c. of alcohol have been added, the 
flask is again heated and the rest of the alcohol added slowly. The operation 
requires about IJ — If hours, and is generally completed by heating for a 
further period of f hour till the evolution of hydrogen has quite ceased. _ It 
is then filtered through a hot fiuted funnel to remove the excess of aluminium 
and the solvent distilled ofi under reduced pressure, leaving a residue of 
colourless fused aluminium ethoxide (yield 400 g.) (Meerwein and R. Schmidt, 
Annalen, 1925, 444 , 231). 

Preparation of Aluminium i^oPropoxide, — z^oPropyl alcohol (dried over 
barium oxide) (300 c.c.) containing about 1 g. of mercuric chloride is poured 
over 25 g. of aluminium sha\dngs and then heated under reflux till the metal 
is completely dissolved. (If the reaction does not start, a little iodine and 
copper powder should be added.) The excess of alcohol is distilled off, the 
residue distilled in high vacuum, and the distillate of aluminium {^oprop oxide 
collected in vessels which can be sealed o£E (Reichstein, Ammann, and Trivelli, 
Helv. Chini, Acta, 1932, 15 , 264). 


The alcoholates of calcium, barium, and lead have been prepared 
by double decomposition between the nitrates and sodium alkoxide 
in liquid ammonia (Chablay, Gompt rend., 1911, 153, 819, 953. 
For other methods of preparing calcium ethoxide, see Doby, Z. anorg, 
Chem., 1903, 35, 93). 

The majority of the known alcoholates are substances insoluble 
in non-hydroxylic solvents and non-volatile. The alkoxides of 
* aluminium are, however, easily soluble in benzene, and with the ex- 
' ception of aluminium methoxide, the lower members can be distilled 
unchanged under reduced pressure. According to Sidgwick and 
Sutton (J,, 1930, 1461) they can be regarded as esters of aluminic 
acid. The thallous alcoholates appear to be abnormal in that the}^- 
dissolve in benzene and are polymerised (Sidgwick and Sutton, 
loc, cit,). 

The alcoholates of the alkali metals are decomposed by water 
with the hberation of alcohol and the formation of the alkali hydr- 
oxide. The phenates, cn the other hand, are comparatively stable 
in presence of water, and can be obtained in aqueous solution by 
dissolving the phenol in an aqueous solution of caustic alkali. 
Evaporation of such a solution yields the dry phenate. A more 
convenient method, giving a purer product, depends on the action 
of the alkali metal on the phenol dissolved in an inert solvent. 
A further method consists in the addition of the requisite amount 
of sodium methoxide in methyl alcohol to an alcoholic solution of 
the phenol. The solvent is afterwards removed in an inert atmo- 
sphere at a temperature of 100 — 150°. 

/ (b) Formation of Ethers . — ^The most general method of converting 
^a hydroxy-compound into its ether consists in allowing the metal 
derivative — ^usually the sodium salt — ^to react with the appropriate 
alkyl hahde, aryl halide, or the alkyl esters of arylsulphonic acids 



REACTIONS OF ORGANIC COMPOUNDS 


Purdie and Irvine, ibid., p. 485 ; A. McKenzie, ibid., p. 754 ; Piirdio 
and Irvine, J., 1903, 83, 1021 ; Purdie and Bridgett, Zoc. czL, p. 1037). 

Since the aryl halides are comparatively unreactive, the prepara- 
tion of the diaryl ethers by the action of aryl halides on metal 
phenates does not proceed easily. The reaction between bromo- 
benzene and sodium phenate, for instance, requires a temperature 
of about 300°. The addition of a small amount of copper bronze 
has the effect of bringing about the reaction at a lower temperature. 

J Preparation oj Diphenyl Ether. — Potassium plienato (proparod from lG-8 g. 
of phenol and 3-9 g. of potassium) is heated with 15-7 g. of bromobonzono 
and 0-1 g- of copper bronze at 210° for 2 hours. An excess of alkali is tlion 
added ^nd the product distilled in steam. Fractionation of the oil ilrivon 
over gives diphenyl ether, b. p. 259° (corr.); m. p. 27° (yield 14 g.). 

lodobenzene reacts similarly ; with chlorobenzene sealed tiibes arc ncc-essary. 

Instead of preparing potassium phenate for this reaction a luixturo of 
phenol (16*8 g.) and powdered potassium carbonate (G*9 g.) can bo used. 

The same method has been used successfully for the preparation of otlun* 
diaryl ethers. Tolyl phenyl ether, naphthyl phenyl other, dinaphthyl other ; 
0 -, m-, and p-dibromohenzenes all react similarly, giving aryl others of dihydric^ 
phenols (Ullmann and Sponagel, Ber., 1905, 38, 2211 ; Annal&n, 19C)(>, 350, HG). 

Nitrohalogen benzenes react more easily thtan the unsubstituted 
aryl halides. Provided that a nitro-gronjD is ortJio or para to the 
halogen it is not necessary to nse copper bronze as catalyst. The 
follovdng general method has been described by Fox and K, Vj. 
Turner (J., 1930, 1119). 

Preparation of Nitrodiaryl Ethers. — Potassium hydroxide (I mol. prop.) ih 
treated with sufficient water (about 0*06 — 0*1 mol. pi'op.) so that a clear 
solution is obtained at about 250°. The solution thus obtaino<l is cooled 
till it commences to crystallise, when 1 mol. prop, of tho phenol is added 
rapidly and the mixture stirred. 

If it is desired to prepare mononitro -ethers from compounds like o-nilro- 
chlorobenzene or 2 : 5-dibromonitrobenzene, tho appropriate uitro-halogcm 
compound (1 mol. prop.) is added in one quantity to tho still lu)t. pluMif)xido 
solution. After a thorough mixing, the product is heated undcu' short air 
condenser at 160 — 180° for 3 — 4 hours. 

If 2 : 4:-dinitro chlorobenzene is used, the nitro -compound is added with 
vigorous shaking during 5 minutes and the reaction comxjlotod by heating 
at 100° for 1 hour. 

In all preparations the reaction product is shaken with hot cUliito alkali, 
and the cooled mixture filtered or extracted with ether. 


The solvent itself may have an important influence on the cour^so 
of the etherification of phenols. This is particularly so with allyl 
hromide, cinnamyl bromide, and the benzyl halides. These halogen 
compounds react -with, the dry alkali phenates in non-dissocia-ting 
solvents such as benzene or toluene to give nuclcar-substituted 
phenols. In methyl alcohol and similar solvents the normal other 
is formed (Claisen, Khemers, Roth, and Tietze, Annalen, 1925, 
442, 210). 
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Preparation of — The dry sodium salt of 

a-naphthol is prepared In’ ihe aorioTi or J-r'i g. of sodium wire on 29 g. of 
a-naphthol in 100 g, of toluene. A hot paste of the sodium salt results, to 
which are added 26 g. of benzyl chloride. After the spontaneous reaction has 
moderated, the mixture is heated in an oil bath so that it gently boils for 
several hours. On cooling, water is added, the toluene layer removed and 
evaporated under reduced pressure to remove the solvent. The residue is 
covered with several volumes of methyl alcoholic potash and the insoluble 
matter extracted with light petroleum. Several extractions are necessary. 
The phenol liberated from the alkaline solution is taken up in ether and 
distilled under reduced pressure. At 235 — 245° 112 — 13 mm. 26 g. of a thick 
oil are obtained, which gradually solidifies. After draining on a porous tile 
and subsequently crystallising first from hot light petroleum (b. p. 60 — 80°) 
and then from a mixture of acetic acid and 85% formic acid, the pure product 
results, m. p. 74°. 

A somewhat similar process may be used for the preparation of o-allyl 
phenol and o-allyl p-cresol, for o-benzyl phenol and benzyl p-cresol and 
o-cinnamyl phenol. The group enters the position ortho to the hydroxyl. 

Nuclear substitution during the etherification of some di- and 
tri-hydric phenols — ^particularly when the hydroxyls are meta to 
one another — has been observed, but the conditions are not quite 
analogous to those described for the monohydric phenols (Herzig 
andZeisel, Monatsh., 1889, 9, 882 ; 10, 144 ; 1890, 11, 291 ; Hirschel, 
ibid., 1902, 23, 181 ; Kaufler, ibid., 1900, 21, 993; Ott and Nauen, 
Ber., 1922, 55, 924). 

In the preparation of the methyl ethers of phenolic substances, 
dimethyl sulphate finds a considerable application. The general 
procedure is to shake the phenol in aqueous alkaline solution with 
slightly more than the necessary amount of dimethyl sulphate. 

Preparation of Anisole. — 47 G. of pbenol and 20 g. of sodium hydroxide 
in 200 c.c. of water are mixed in a litre flask fitted with a stirrer and con- 
denser. The mixture is cooled to below 0° and 63 g. of dimethyl sulphate 
are added gradually from a dropping funnel. When all has been added the 
flask is heated on a water-bath, and after about J hour a further amount of 
47 g. dimethyl sulphate and 20 g. of sodium hychoxide in 200 c.c. of water 
is added. The mixture is then refluxed vigorously for 10 — 15 hours. On 
cooling, the anisole is separated, washed with water, dried, and distilled ; it 
is collected at 153 — 154° — ^yield 60 — 75% of theory (Hiers and Hager, Organic 
Syntheses, 1929, 9, 12). 

In this preparation the -^mou^^e^dimethyl sulphate is only 
sufficient for the utilisation of one of Sie methyl groups. This is 
evident from the following equation : — 

CeH^ONa + {lSle)^80^ CJIsOMe + Na(Me)S 04 

Preparation of Veratrole. — A solution of 100 g. of catechol in 200 c.c. of 
methyl alcohol is mixed with 250 g. of dimethyl sulphate. After cooling to 
—5°, a solution of 150 g. of caustic potash in 350 c.c. of water is added all 
at once. A vigorous reaction takes place and the methylation is complete 
in about 3 minutes. The resulting mixture is diluted with water, the oil 
extracted with ether, the ethereal layer washed and then dried over calcium 
chloride. After evaporation of the solvent, the residue is distilled. Yield 
of 'v#ratrole, m. p. 15°, h. p. 205°, 95% of theory (W. H. Perkin, jun., and 
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When the alkylation does not proceed readily in aqueous solution, 
as mth the o-nitrophenols and some of the polyhydroxyanthraquin- 
ones, the dry salt of the phenol should be heated with dimethyl 
sulphate to between 110° and 160° (Graebe and Aders, Annalen, 
1901, 318, 367; Ullmann, ibid., 1903, 327, 114; O. Fischer and 
Gross, J. pr. Chem., 1911, [ii], 84, 371). 

Preparation of o-Nitroanisole . — mixture of 30 g. of tho dry sodium salt 
of o-nitrophenol, 10 e.c. of toluene, and 24 g. of freshly distilled dimethyl 
sulphate is stirred mechanically and heated in an oil bath at 110 — 120“ till 
the orange colour disappears. The mixtuie is diluted -with water, made 
alkaline, and after boiling, the o-nitroanisole is extracted with other. Yield, 
26 g. (Ullmann, loc. cit.). 

Tlie application of dimethyl sulphate to the niethylation of 
aliphatic hydroxy- compounds has been examined by W. Isl. Haworth 
(J., 1915, 107, 8), and has since been employed in the preparation 
of methylated sugars. Its application in this held has greatly- 
facilitated the investigation of the structure of the di- and tri- 
saccharides. Eor examples of its use in this direction the original 
papers of Haworth and his pupils should be consulted {J., 1915 — 
1932). 

The alkali salts of the methyl and ethyl hydrogen sulphates have 
been used for the aUiylation of phenols, but apparently it is necessary 
to use temperatures of the order of 150"^ and sealed vessels (Graebe, 
Annalen, 1905, 340, 208; Witt and Schneider, Ber., 1911, 34, 3173). 

An elegant method for the preparation of the ethers of tri- 
phenylmethane consists in acting upon triphcnylmethyl chloride 
with the appropriate hydroxy-compound in pyridine solution. 
The process has been applied to the simple alcohols, to hydroxy 
esters, and to sugars (Helferich, Speidel, and Toeldto, Ber., 1923, 
56, 766; Helferich, Moog, and Jiinger, ibid,, 1025, 58, 872). 

Diazomethane has been employed for the methylation of tho 
phenolic hydroxy-group. Alcohols appear to be indifToront, or 
almost indifferent, to this reagent. For examples of this method 
see papers by E. Fischer and Freudenberg {Ber., 1913, 46, 1123), 
Fischer and Hoesch {Annalen, 1912, 391, 351), and von Pcchmann 
{Ber,, 1895, 28, 857 ; 1898, 31, 501). 

The lower saturated aliphatic alcohols can be converted into the 
con^esponding ethers by -fche action of warm sulphuric acid xinder 
suitably controlled conditions. For the preparation of diethyl 
ether, ethyl alcohol is added slowly and regularly to a mixture of 
equal weights of concentrated sulphuric acid and ethyl alcohol 
maintamed at 140°. The addition of about 5 — 10% of anhydrous 
aluminium sulphate brings about the formation of tho ether at a 
lower temperature (Senderens, Compt. rend., 1910, 151, 3925; 
compare Schlatter, J. Ind. Eng. Chem., 1920, 12, 1101). A similar 
process can he used for the preparation of di-n-propyl ether. For 
the production of ethers from the higher alcohols, these conditions 
require rnodification in order to prevent undue formation of olefin 
and to mi n i m ise other side reactions. It is usual to use only a small 
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proportion of sulphuric acid and subsequently to separate the ether 
formed from the olefin by fractionation (compare the preparation 
of amylene, p. 90). 

This method of ether formation, is generally regarded as in- 
volving the reaction of the alcohol with the alkyl hydrogen sulphate 
according to the scheme : 

R-OSOg-OH + ROH RgO + H^SO^ 

The sulphuric acid in this reaction may be replaced by aryl sulphon- 
acids or even their esters. 

This t 3 rpe of reaction has been applied to the preparation of mixed 
ethers, although the success of the process depends apparently on 
the choice of suitable hydroxy- compounds. Thus, while mixtures 
of ethyl and propyl alcohols furnish some mixed ether by this method 
(Norton and Prescott, Amer, Ghem. J., 1884, 6, 245), the reaction 
of -butyl alcohol with primary aliphatic alcohols in presence of 
aqueous sulphuric acid gives good yields of ier^. -butyl alkyl ethers 
(J. P. Norris and Rigby, J. Amer. Ghem. jSoc., 1932, 54, 2095). 

In some preparations the sulphuric acid may be replaced by 
hydrogen chloride, as in the formation of the methyl or ethyl ethers 
of benzoin. This is effected by keeping at 40'^ solutions of benzoin 
in the appropriate alcohol saturated with hydrogen chloride. The 
reaction is similar to the formation of glucosides from monosac- 
charides (E. Fischer, Ber., 1893, 26, 2400, 2412). 

A somewhat similar process can be used for the preparation 
of certain aryl alkyl ethers. Thus a- and p-naphthols, a- and p- 
anthranols, phenanthranol, and some dihydroxyanthracenes yield 
ethyl and methyl ethers by heating wdth the appropriate alcohol and 
sulphuric acid or hydrogen chloride (Liebermann and Hagen, Ber., 
1882, 15, 1427 ; Gattermaim, Annalen, 1888, 244, 72; Findlay and 
Japp, J., 1897, 71, 1122; Lampe, Ber., 1909, 42, 1416). Mono- and 
di-hydroxybenzenes do not appear to furnish ethers by this method. 
Phloroglucinol, however, is an exception, for it can be partially 
methylated by treatment with hj^drogen chloride in methyl alcohol 
(Weidel and Poliak, Monatsh., 1900, 21, 22; Freudenberg, Ber., 
1920, 53, 1425 ; D. D. Pratt and Robinson, J., 1924, 125, 193). 

It is noteworthy that carbinols containing the grouping -N*(jl)(OH), 
such as cotarnine, berbinol, and the simple additive compounds of 
formaldehyde with primary and secondary ahphatic amines, form 
the corresponding ethers simply by treatment with the appropriate 
alcohol (G. M. Robinson and Robinson, J., 1917, 111, 967; 1923, 
123, 532; McLeod and G. M. Robinson, ibid., 1921, 119, 1470). 

(c) Formation of Acyl Derivatives. — ^The replacement of the hydro- 
gen of the hydroxy-group by acyl groups to yield esters can gener- 
ally be effected by means of an acid anhydride or ac 3 d chloride under 
suitable conditions. The free carboxylic acids can also be used, 
but their application is determined by the nature of the hydroxy- 
compound. Primary and secondary alcohols in general yield esters 
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comparatively easily. The esters of tertiary alcohols and phenols 

are not prepared by this method. . 

(1) From Acyl Halides and Anhydrides . — The simple alcohols 
react with acyl anhydrides to yield esters according to the scheme 

r.qh + 0(0C-R')2 — ^ R-O-CO-R' + K'-COAl 

This reaction can be brought about quite simply by warming 
too-ether approximately equimolecular proportions of the reactants 
and subsequently removing the acid by treatment either with water 
or with dilute sodium carbonate solution or by fractionation. The 
cyclic anhydrides of the dibasic acids behave similarly to give acid 
esters (see p. 231). 

With phenols and other hydroxy- compounds, acylation is effected 
by heating with the anhydride after adding some fused sodium 
salt. Under special circumstances to effect a similar acylation, 
other substances, such as zinc chloride, small amounts of sulphuric 
acid, perchloric acid, thionyl chloride, or sulphuryl eliloride, may 
be necessary. 

Preparation of Quinol Diacctaie . — Quiuol is heated on a stoani-hatli for J 
hour with about six times its weight of acetic anhydride and about J its 
weight of fused sodium acetate. The reaction mixturo is thou pouj'od into 
water, and after the excess of anhydride has boon destroyed, tiio ac;(!tato is 
collected and washed with water. It is purified by crystallisation from ale.ohol, 
m. p. 122°. 

The acetates of other phenols can be prepared similarly. 

Preparation of ^-Glucose Pentacetate . — 200 G. of anhydrous glu(.*oKi^ and 
100 g. of finely-powdered anhydrous sodium acetate are mixed in a 3-1. flask 
and heated in a water-bath with 1000 g. of acetic anhyilride. ITio mixturo 
should be stirred continuously till a clear solution is obtained, ''.rho a.ectyl- 
ation is completed by heating for a further period of 2 hours, when the H(.>lution 
is poured in a thin stream into 4 1. of ice water agitated by an oUi<*.iont stirrer. 
The pentacetyl glucose separates as a crystalline mass, and is eolle(‘lo<l after 
keeping for several hours. It is then ground in a mortar with waiter and kept 
until the anhydride is completely hydrolysed. Finally it is c*t>Ilo(d.(Hl and 
purified by crystallisation from 1 1, of hot alcohol (96%) — yield, 300 — 330 g. 
(E. Fischer, Ber., 1916, 49 , 584). 

An effective and simple method of acetylating phenols has 
recently been described by Chattaway (J., 1931, 2495). The general 
process consists in dissolving the phenol in an aqueous solution of 
little more than the theoretical amount of sodium or potassium 
hydroxide, diluting with a suitable quantity of crushed ice, and then 
adding slightly more than the requisite amount of acetic anhydride. 
After shaking for a few moments, the acetyl derivative separates 
in a practically pure condition. By this process phenyl acetate is 
.obtained from phenol in 98% yield. Di- and tri- hydroxy phenols, 
nitro- and halogen-substituted phenols, and esters of phenolic acids 
are si mi larly acetylated. Although salicylic acid does not give an 
acetyl derivative by this method, p-hydroxyhenzoic acid and gallic 
acid give good yields. In acetylating these acids the solution 
mu^t be acidified after the reaction in order to liberate the acetylated 
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The use of acyl chlorides for the preparation of esters is of wide 
apphcation. The alcohols, in general, react quite readily with acid 
chlorides, hydrogen chloride being eliminated. Indeed, in the case 
of acetyl chloride, it is advisable to cool the mixture so as to moderate 
the reaction, especially if volatile alcohols are used. With benzoyl 
chloride and other acyl chlorides, which are comparatively stable 
to water and cold aqueous alkah, the reaction may be brought about 
either by warming an excess of the alcohol with the acyl chloride 
and then distilling off the excess of alcohol when the reaction is 
complete, or more conveniently, if the alcohol is not easily volatile, a 
slight excess of the chloride in presence of dilute sodium hydroxide 
solution may be used. This latter method is well suited for the 
preparation of the phenyl esters of the aromatic acids. 

Preparation of Methyl-p-nitrohenzoate. — 0-1 G. of ^-nitrobenzoyl chloride 
is gently boiled in an ignition tube with 0-5 c.c. of methyl alcohol- After 
3 or 4 minutes, the solution is poured on a watch-glass and the excess of 
alcohol allowed to evaporate. The crystalline ester is washed with a small 
quantity of dilute sodium carbonate solution, then water, and finally crystal- 
lised from aqueous alcohol. 

The ethyl and propyl esters are prepared similarly. Instead of p-nitro- 
benzoyl chloride, 3 ; 5-dinitrobenzoyl chloride or other substituted benzoyl 
chlorides may be similarly employed. 

Preparation of Benzyl-p-nitrobenzoate. — p-Nitrobenzoyl chloride in slight 
excess (0-1 g.), the alcohol (0-05 g.), and 2 drops of 20% sodium hydroxide 
solution are mixed and shaken, warmed very gently, till the solid ester 
separates. It is collected, and after washing with water, is crystallised from 
aqueous alcohol. 

Preparation of PJienylbenzoate. — To a solution of 1 g. of phenol in o c.c. of 
water and o c.c. of 20% sodium hydroxide solution is added about 1 c.c. of 
benzoyl chloride drop by drop, shaking the mixture vigorously after the 
addition of each portion of the acyl chloride. As soon as al] the benzoyl 
chloride has reacted, the ester is collected, washed with dilute sodium hydroxide 
solution and water. It is finally dried and crystallised from alcohol. 

This method is a general one for the preparation of the esters of phenols 
from such acyl halides as are not easily hydrolysed by water and dilute alkali, 
e.g. benzoyl chloride and its homologues, or aryl sulphonyl chlorides. 

A very useful method for acylating hydroxyl groups consists in 
the reaction of the hydroxy- compound with the appropriate acid 
chloride or anhydride in presence of pyridine, quinoline, or less 
rarely some other tertiary amine. The general method of procedure 
is to add the acid chloride or anhydride to a well-cooled solution of 
the alcohol or phenol in about 5 times its weight of pyridine. After 
keeping at room temperature for several hours, the reaction mixture, 
which has usually developed a dark red colour, is poured into dilute 
acid containing lumps of ice. The acyl derivative is throvm down 
either as a solid or as an oil. It is taken up in ether or chloroform 
and the resulting solution washed with dilute acid till free from 
pyridine. When the acid chloride is derived from a sparingly 
soluble acid, this must be removed from the solution by washing with 
dilute sodium carbonate solution (Einhorn and Hollandt, Annalen, 
1898, 301, 95). 

This process is widely used for the acylation of such hydroxy-com- 
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pounds as polyhydric alcohols, sugars, phenols, etc. The following 
modification is recommended by Eeiehstein {Hclv. CJiim. Acta, 
1926, 9, 800) as suitable for the characterisation of small amounts 
of alcohols and phenols. 

Preparation oj 3 : o-DiniU^olenzoic Esters for the Character isaiioyi of Alcohols 

and Phenols. few drops of the alcohol or a small amount of tho phenol 

dissolved in benzene is mixed with a solution of 3 : 5-dinitrobonzoyl chloride 
in benzene and some pyridine added. 

After keeping for some hours at room temperature (with -alcohols it 
is necessary to heat to boiling point for i lioxu-), tho reaction luixturo is diluted 
with drv ether, washed in a separating funnel with dilute hydrochloric acid, 
then with dilute sodium hydroxide, and finally with a largo voJuino of water. 
Evaporation of the ethereal solution, follo-vced by warming under reduced 
pressure, yields the pure ester. 

Phenols and polyhydric alcohols give principally esters wliifdi are sparingly 
soluble in organic solvents. In such cases it is sunieiont to iillor off tho 
product after washing with water. 

‘ Preparation of Esters of Anthraquinone-p-carhoxi/lic Acid. — A few drops of 
the dry alcohol are mixed with an excess of chloride of anUira<|uim)nc /?-carb- 
oxylic acid, dissolved in benzene. The mixturo is diluted wii ii other and an 
excess of dry pyridine added. After keeping in a clostal vessel for some 
hours, the mixture is filtered, and the insoluble residue W'aslied with other. 
The filtrate and washings are combined, washed with dilute hydrochloric 
acid, then with about 1 c.c. of 50% aqueous potassium liyilroxido solution, 
and finally shaken mechanically with 1 c.c. of rA)% aqu(H)us potassium 
hydroxide solution. Evaporation of the ethereal solution yields tho crystal- 
line ester. 

The use of chlorocarbonic esters for acylation is of spc'cial a])plic- 
ation to phenolcarboxylic acids, for by protecting tiie phenolic 
hydroxyl groups by methyl carbonate groups, the carboxyl group 
can be converted smoothly into -COCl by tho action of phosphorus 
halides : 

HO-CeH^COaH + CbCO-OCHs — ^ CB^-CO-O-C^H^-COM HCl 

The following are examples of the application of chlorocarbonic 
esters : 

Preparation of Methyl Carbonate of ■p-Hydroxyhenzoic Acid, 
CHa-CO-O-CeHiCOaPI. 

— To a well-cooled solution of 5 g. of p-hydroxybenzoic acid in (54 c.c. of 
jV-sodium hydroxide solution (2 mol. props.), add gradually 3-8 g. of methyl 
chloroearbonate in 2 or 3 portions. The greater part of tlio cdilorido goes 
into solution immediately, but the excess is hydrolysed slowly. Thc^ Bolution 
is finally acidified with dilute hydrochloric acid, and the voluminous x^ro- 
cipitate thus thrown dqwn is di'ained and dried on a x^oruus tile. It is 
purified by adding water gradually to a hot acetone solution till a turbidity 
results. On slow cooling tho methyl carbonate sox^aratos in small fine 
needles, m. p. 179°, yield quantitative (E. Eischor, Ber., 1908, 41, 2877). 

The method described above can be applied to tho preparation 
of alkyl carbonates of other phenolic acids. If there is a hydroxyl 
group ortho to the carboxyl, the following method is advisable. 

Pre^ration of Methyl Carbonate of Salicylic A c^d.— Salicylic acid (50 g.) ■ 
and dimethylamline (88 g.) are mixed in 250 c.c. of dry benzene, and to tho 
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solution 34-3 g. of methyl chlorocarbonate are added over a period of f hour, 
with constant shaking. Just before the addition of each fresh portion of 
the chlorocarbonate, the solution is cooled in a freezing mixtizre till the 
benzene solidifies. When all the chloride has been added and its odour has 
disappeared, an excess of hydrochloric acid is added, and the benzene layer 
separated. The carbomethoxy-eompound soon separates from the benzene, 
and after the separation is complete, the precipitate is collected and washed 
with cold benzene and water. It is then dried on a tile, triturated with 
water, washed with water, and finally dried in a vacuum desiccator. It is 
purified by crystallisation from 4 times its weight of ethyl acetate by the 
addition of light petroleum, m. p. 135°, yield 60%. 

(2) By Reaction with Acids . — Carboxylic acids are able to react 
directly with the hydroxyl group to yield acyl derivatives according 
to the scheme : 

R-CO^H + HO-R' — ^ R-CO^R' -f- H^O. 

The ease with which esterification takes place is determined largely 
by the type of hydroxy- compound and by the acid used. Por the 
effect of the type of alcohol on the formation of acetates by heating 
with acetic acid, reference should be made to the following papers : 
Menschutkin, Annalen, 1879, 195, 334; Ber., 1909, 42 , 4020; 
Willstatter and Hocheder, Annalen, 1907, 354 , 249 ; Willstatter, 
E. W. Mayer, and Hiini, ibid., 1910, 378 , 98; Michael, Ber., 1910, 
43 , 464; Michael and Wolgast, ibid., 1909, 42 , 3157. Gandurin, 
ibid., 1908, 41, 4360. 

In general, it may be said that primary alcohols react more readily 
than the corresponding secondary alcohols, while tertiary alcohols 
and phenols do not react to any serious extent. The preparation 
of acyl derivatives by the direct action of a carboxyhc acid on an 
alcohol is restricted, therefore, for all practical purposes, to primary 
and secondary alcohols. Except in special circumstances, the pre- 
paration of esters by this method is effected by warming a solution 
of the acid in an excess of the appropriate alcohol using as a catalyst 
a little sulphuric acid or alcohol containing hydrogen chloride. 
The amount of catalyst need be only about 1 — 5% of the weight 
of alcohol used. The product is isolated by distilling off most 
of the alcohol, pouring the residue into water, and neutralising it 
by the addition of sodium carbonate solution. After separation of 
the ester from the aqueous layer it is dried and fractionated. If 
the ester is soluble in water, it is more convenient to neutralise the 
acid first by the addition of finely-powdered potassium carbonate, 
then dilute with ether, filter, and fractionate under reduced pressure. 
The homologues of formic acid, the aromatic acids, many hydroxy 
acids such as lactic and glycollic acids, as well as dibasic acids, 
can be esterified by this method (E. Fischer and Speier, Ber., 1895, 
28 , 3252). Even some unsaturated acids such as cinnamic and 
crotonic give esters under these conditions. 

Those carboxylic acids w'hich are sensitive to mineral acids are 
esterified by special methods. Thus pyruvic acid and similar 
acids are converted into esters by heating with the appropriate 
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alcoPol at 100° in a sealed tube. Oxalic esters are prepared simply 
by heating the anhydrous acid with the alcohol under reflux and 
subsequently fractionating the product. 

Instead of acids as catalysts for esterification, some metal sul- 
phates have been employed (Bogojavlenski and Narbutt, Ber., 
1905, 38, 3344). Of these, it appears that copper suli^hatc dehydr- 
ated at a comparatively low temperature can bo used with advantage 
for the esterification of a-hydroxy fatty acids (Clcmmensen and 
Heitmann, Amer, Chem, J., 1909, 42, 319). 

An ingenious apparatus for the esterification of a-liydroxy-acids 
has been described by Frankland and Aston (J., 1901, 79, 517), 
and recently several slight modifications of this apparatus have been 
introduced (compare Kenyon, Organic Syntheses, 1925, 5, GO). The 



apparatus, Pig. 3, consists essentially of a flask [A] containing tar- 
taric acid or some other acid covered by absolute alcohol, and heated 
in an oil-bath at 130°. The alcohol slowly distils through a conden- 
ser into a second flask [R] containing anhydrous potassium carbonate 
and fitted with a fractionating column connected to the first flask 
through a condenser. By heating the second flask, the condensed 
alcohol is returned, deprived of its water, through the fractionating 
column [D] to the acid in the flask [A]. There is thus a constant 
circulation of the alcohol between the acid and the dryitig agent. 
A safety-tube G must be provided to prevent any increase in pressure 
in the apparatus, and the tubes delivermg the condensed alcohol 
should dip below the level of the liquid in each flask. When the 
operation is complete, the product is transferred to a distillation 
flask and fractionated under reduced pressure. jp-Toluencsulphinic 
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acid has also been esterified by this method (Houssa, Kenyon, 
and H. Phillips, J., 1929, 1707). An interesting modification of 
this process takes advantage of the fact that some ternary mixtures 
containing water and ethyl alcohol distil at comparatively low tem- 
peratures and can be used to remove the water continuously from 
the esterification mixture. A process employing this principle 
has been described by H. T. Clarke and Davis {Organic Syntheses, 
1922, 2, 23) for ethyl oxalate and by McDermott {ibid., 1930, 
10, 88) for isopropyl lactate. 

Thielepape {Ber., 1933, 66, 1454) has recently described an appar- 
atus for esterification in which the water produced in the reaction 
is removed by calcium carbide. 

Some alcohols cannot be esterified to any serious extent by re- 
action with acids. Their esters must therefore be prepared by 
special methods. 

(d) Replacement of Hydroxyl Group by Halogen . — The reaction of 
phosphorus halides with hydroxy-compounds is a general reaction 
whereby the hydroxyl group is replaced by halogen. Its applic- 
ation as a method for the preparation of alkyl and aryl hahdes 
from alcohols and phenols is, however, restricted, since the product 
may contain serious amounts of undesirable by-products. Thus in 
the reaction of phosphorus trichloride with the lower primary 
and secondary alcohols, the 3 deld of alkyl chloride is rarely more 
than 50% of the theoretical, and usually much lower. With 
tertiary alcohols, however, the pelds are better. More satisfactory 
results are obtained if zinc chloride is added to the reaction mixture 
(Clark and Streight, Trans. Roy. Soc. Canada, 1929, 23, 77). 

The replacement of the hydroxyl group of the simple phenols 
. by treatment with phosphorus chlorides and bromides does not 
' proceed smoothly, and usually only a comparatively small proportion 
•of the phenol is converted into aryl chloride (compare Riche, 
Armalen, 1862, 121, 357 ; BeiLsteui and Kurbatow, ibid., 1875, 
176, 33; Autenrieth and Geyer, Ber., 1908, 41, 146). The replace- 
ment is facihtated by the presence of nitro-groups in the nucleus 
(see p. 56). It is noteworthy that the reaction of p-naphthol with 
chlorides and bromides of phosphorus has been employed as a 
convenient method for the preparation of p -halogen derivatives of 
naphthalene (Michaelis, Annalen, 1902, 321, 24,^ footnote] Darzens 
and Berger, Compt. rend., 1909, 148, 787; compare 0. Brunei, 
Ber., 1884, 17, 1179). 

In contrast to their behaviour towards the chlorides and bromides 
of phosphorus, the alcohols react smoothly with phosphorus and 
iodhie to give alkyl iodides. This reaction has been widely applied 
for purposes of preparation. 

Preparation of Alkyl Iodides . — Tlie dry alcohol is mixed with 0*35 atomic 
proportion of dried red phosphorus, and then powdered iodine is added 
gradually till approximately 1 atomic proportion has been reached. With 
methyl and ethyl alcohols the amount of alcohol taken is usually in excess 
of the proportion just given, but as these alcohols are soluble in water, there 
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is no diffi-Culty in romoviixg tliem from th© product. Tlio roactiou is vigorous 
and should be checked by cooling at suitable intervals. Whon all the iodine 
has been added the formation of iodide is completed by boating on a water- 
bath for 2 or 3 hours. The higher alcohols react more sluggishly, and it is 
necessary to keep the mixture warm during the addition of tho iodine. The 
reaction is completed as before by heating on a water-bath or in an oil-bath. 
The product is isolated by distillation if the iodide has a low boiling point. 
Alternatively it is filtered through glass wool, washed with dilute sodium 
hydroxide solution till free from iodine, then dried and fractionated. 

TMon^d chloride has been frequently employed for the replace- 
ment of alcoholic hydroxyl by chlorine (A. McKenzie and Clough, 
J., 1913, 103, 698 ; A. McKenzie and Tudthorpe, J. Biol, CJiem,, 
1924, 62, 551). The actual experimental conditions appear to 
depend on the alcohol employed. The lower primary and secondary 
alcohols yield the chloride best by reaction with thionyl chloride 
in presence of pyridine or dimethyl- or diethyl-aniline (Darzens, 
CompL rend., 1911, 152, 1314, 1601). For the higher alcohols 
these conditions are usually not satisfactory. They give better 
results by reaction with thionyl chloride alone or when it is diluted 
with benzene (Clark and Straight, loc. cit.). 

The monohydric alcohols react more or less readily with halogen 
hydride to give alkyl halides, the hydroxyl group being replaced 
by halogen according to the scheme 

R-OH + HX — ^ R-X + Kp. 

The reaction conforms in type to the ordinary process of esteri- 
fication. It should be noted, however, that while organic acids 
esterify primary alcohols most readily and tertiary alcohols only 
with difficulty, the reverse holds good with the reaction with halogen 
hydrides. For example, the tertiary aliphatic alcohols give the 
corresponding alkyl bromide by reaction witli 48% hydrobromic 
acid in the cold, secondary alcohols do so on warming, wlnile the 
primary alcohols yield the bromide but slowly (Kamm and Marvel, 
J. Amer, Ghem. Soc., 1920, 42, 299). Lucas {J. Amer. Chem. 
Soc,, 1930, 52, 802) has proposed a qualitative test for distinguish- 
ing the three types of alcohols based on these differences in 
reactivity. 

Lucases Test for Type of Alcohol . — ^The reagent is proparccl by dissolving 
136 g. of zinc cMoride in 105 g. of concentrated hydrochloric acid. Tho 
reagent (12 c.c.) is added to 2 c.c. of the alcohol in a test tube at 20 — 27°. 
The test tube is corked and shaken. Tertiary alcohols react so rapidly that 
the separation of the insoluble chloride is observed from tho time of mixing. 
Secondary alcohols give a separation of the chloride within 5 minutes. All 
other alcohols, provided that they are lower than hexyl, aro soluble in the 
reagent. 

Although this test can be modified for the preparation of tert.~ 
alkyl chloride in reasonably large quantities, these halides are best 
prepared by saturatiug the alcohol with the dry halogen hydride. 

* ^f yx-Butyl Chloride . — ^Anhydrous zinc chloride (272 g., 2 mols.) 

IS added to 190 g. of cold concentrated hydrochloric acid (2 mols.) and to 
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this solution 74 g. of w-butyl alcohol (1 mol.) are added. The mixture is 
refluxed vigorously over a free flame for about 4 hours. The upper layer, 
consisting of crude butyl chloride, is separated and gently refluxed with an 
equal volume of concentrated sulphuric acid for ^ hour in a tilted distillation 
flask having the side arm closed by a tight cork. The chloride is then dis- 
tilled from the acid, washed with water, dried, and distilled. Yield about 
60 g., b. p. 76—78°. 

The process has been applied to the preparation of ^^-propyl chloride, 
isopropyl chloride, sec. -butyl and sec. -amyl chlorides. The yields are between 
55% and 75% of theory. With larger quantities longer periods of heating 
are required (J. T. Norris, Organic Syntheses, 1925, 5, 27). 

Preparation of tGrt,-Butyl Iodide . — stream of dry hydrogen iodide (for 
preparation see Bannow, Ber., 1874, 7, 1498) is led into dry ieri. -butyl alcohol. 
This results in the generation of a considerable amount of heat, and it is 
advisable to moderate the reaction by external cooling. The alcohol should 
also be shaken continuously during the saturation. The completion of the 
reaction is shown by the separation into two layers. The upper one, con- 
sisting of -butyl iodide if the saturation has been complete, is removed, 
washed with a little ice-cold water, dried in contact with anhydrous sodium 
sulphate, and then distilled, b. p. 100°. 

The preparation of other ^eri.-alkyl iodides is achieved in the same way. 

y (e) Replacement of the Hydroxyl by Amino .- — The direct replace- 
ment of the hydroxyl of alcohols and of phenol and its homologues 
by amino has long been known to require drastic conditions. Thus 
ethyl alcohol yields a mixture of mono-, di-, and tri-ethylamines 
when it is heated with ammonium halides at 350 — 360° (Berthelot, 
Jahresb., 1852, 551; Morgan and D. D. Pratt, J.S.G.I.y 1932, 
51, 283t). Phenols under similar conditions are converted into a 
niixture of primary and secondary arylamines. Thus m-5-xylenol 
gives a 20% yield of m-5-xylidine and a 30% 3 deld of di-m-xylylamine 
when it is heated with half its weight of ammonium chloride for 2 
hours at 350°. A similar yield of primary base with only a trace of 
secondary amine results by heating with ammonia at 350° for 8 
hours (Morgan and Pratt, loc. cit . ; compare Laurent, J. pr. Chem., 
1844, [i], 32, 286). The replacement of the hydroxyl group of 
phenols has also been eJBfected by heating with ammonia and suitable 
metal chlorides or with aluminium hydroxide (Imperial Chemical 
Industries, E.P. 355,715 ; I. G. Earbenind., E.P. 368,373). 

The replacement of the hydroxyl of alcohols and phenols has been 
effected largely by heating with the additive compound of zinc 
chloride and ammonia. Thus ethyl or methyl alcohols are converted 
into a mixture of primary, secondary, and tertiary amines by heating 
at about 300° with ammonia zinc chloride (Merz and Gasiorowski, 
Ber., 1884, 17, 623). Phenols under similar conditions yield 
primary and secondary arylamines (Merz and Weith, Ber., 1880, 
13, 1298; Merz and P. MiiUer, ibid., 1886, 19, 2901; Buch, ibid., 
1884,^ 17, 2635), while if the ammonia zinc chloride is replaced by 
the zincichlorides of primary arylammes, diarylamines are formed. 
Phenol furnishes a mixture of aniline and diphenylamiue when heated 
with ammonia zinc chloride at 300°; diphenylamine is formed if 
it is heated with aniline zincichloride. 

Such replacements take place much more readily with nitroso- 
phen^ls (O. Fischer and E. Hepp, Ber., 1887, 20, 2475) and with the 
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naphthols (Buoherer, J. pr. Ch&m., 1905, [ii], 71, 433; Buclierer 
and Seyde, ibid., 1907, [ii], 75, 249). 

Preparation oj p-Naphthylamine froyn p-Naphthol, — A mixtiiro of 100 g. of 
j5-naph.thol, 150 e.c. of 40% aqueous solution of sodium sulphite, and 100 
c.e. of 20% aqueous arnmoixia is heated at 100 — 150° in an autoclave fitted 
with a stirrer. The insoluble ^-naphthylamine is filtorod from tho product 
and washed with dilute sodium hydroxide to remove traces of unchanged 
j9-naphthoL The yield is almost quantitative. 

Under similar conditions resorcinol gives n^-phoiiylonodianune (Bucheror, 
loc. cit.). 


(2) Special Reactions of Alcohols. 

(a) Oxidation . — The group -CHg-OH which is characteristic of 
the primary alcohols can he oxidised successively to -CFtO and then 
-COgH. The secondary alcohols — containing the group >CH-OIi 
— yield ketones on oxidation ; tertiary alcohols are broken down to 
compounds containing fewer carbon atoms. 

The conversion of the simple aliphatic alcohols into the corre- 



sponding aldehydes can be achieved by the action of dichroniate 
and diluted sulphuric acid or manganese dioxide and sulphuric 
acid. These general methods have been used for a considerable 
time (compare Liebig, AnnaUn, 1835, 14, 133). They have the 
disadvantage that the aldehydes may sufer further oxidation to 
the corresponding acids with the consequent diminution of yield. 
For the preparation of acetaldehyde from ethyl alcohol, the original 
method of oxidation by acidified dichromate has been modified with 
good results by introducing a stream of carbon dioxide in order to 
remove the volatile aldehyde as fast as it is formed. 


PreparaUon of Acetaldehyde. — This preparation is offocted in tho apparatus 
rep^ser^ed diagraimuaticaUy (Fig. 4). Ethyl alcohol (25 c.c.) is lu^alod to 
boiling by means of a small flame, and the oxidising solution added from the 
rate that the thermometer B suspended in the condenser 
r^as -0^25 -The addition of the oxidising mixture usually roquiros about 
^^?‘*^ghout the operation a stream of carbon dioxide is passed 
though the reaction mixture to remove the volatile aldehyde as fast as it is 
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formed. The aldehyde is collected in bottles cooled in a freezing mixture. 
The first bottle contains loO e.e. of dry ether; the second 125 c.c. of the same 
solvent. 

The aldehyde -which is collected in the ether is precipitated as aldehyde 
ammonia by passing dry anomonia through the ethereal solutions when the 
oxidation is complete — ^yield of dry acetaldehyde ammonia corresponds -with 
a 70% yield of aldehyde from alcohol. 

The oxidising mixture for this preparation is made by adding 115 c.c. 
of nitric acid (d, 1-42) to a mixture of 60 g. of sodium di chromate, 220 c.c. of 
water, and 20 g. of concentrated sulphuric acid (Wertheim, J. Amer. Che?n. 
Soc., 1922, 44, 2658). 

Oxidation of the higher alcohols with dichromate and not too 
dilute sulphuric aoid yields appreciable amounts of esters with a 
number of other products such as aldehydes, acids and acetals. By 
choosing the appropriate conditions, good yields of the esters are 
often obtained (Lranchimont and Zincke, AnTialen, 1872, 163, 197 ; 
Zincke, ibid., 1869, 152, 8 ; Pierre and Puchot, ibid., 1872, 163, 
271; Bouveault, B'dZL Soc. chim., 1904, [iii], 31, 1311; Beilly and 
Hickinbottom, Proc. Roy. Dub. Soc., 1921, 16, 246). 

The formation of aldehydes and ketones from primary and second- 
ary alcohols can be effected quite smoothly by catalytic dehydrogen- 
ation, and this process is admirably suited to their preparation in 
quantity. The most general method consists in passing the vapour 
of the alcohol over copper maintained at about 250 — 300° (Sabatier 
and Senderens, Gompt. rend., 1903, 136, 738, 921, 983; E. F. 
Armstrong and Hilditch, Proc. Roy. Soc., 1920, [A], 97, 259; 
Weizmann and Garrard, J., 1920, 117, 324; see also Sabatier, 
Catalysis in Organic Chemistry, trsld. by Reid, 1923, pp. 650 et seq.). 

The dehydrogenation follows the course 

>CH(OH) >C:0 + H2, 

and is reversible. If the reaction is used for the preparation of 
aldehydes in quantity it is better to arrange the process so that 
the unchanged alcohol is removed continuously?' from the product 
and returned to the system for further treatment. A type of appar- 
atus which allows of this has been described by Bouveault {Bull. 
Soc. chim., 1908, [iv], 3, 120; compare Ruzicka and Stoll, Helv. 
Chim. Acta, 1924, 7, 90). A similar arrangement can be used for 
the preparation of ketones. 

The catalyst is prepared by reducing cupric hydroxide, suspended 
in rolls of copper gauze and heated at about 300°, vuth hydrogen. 
The use of other supports for the cupric hydroxide is not recom- 
mended, as they may cause dehydration of the alcohol in a 
greater or less degree. 

The method has been used successfully for the dehydrogenation 
of the lower primary and secondary monohydric alcohols, cyclo- 
hexanol and some of its homologues, a few keto-alcohols, and also 
for the conversion of the ester of p-hydroxyisohexane carboxylic 
acid to the corresponding keto ester. It is, however, not a satis- 
factory method for dehydrogenating unsaturated alcohols. These 
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are generallv converted, in great measure, into tlie corresponding 
saturated aldehydes or ketones. For alcohols of high molecular . 
weight such as phenylethyl, decyl, or geraniol, it is necessary to ' 
carry out the dehydrogenation under reduced pressure, the apparatus 
described by Ruzicka {loc. cit.) being suitable for this purpose. 

Other catalysts, as nickel, zinc, cadmium, or platinum, have also 
been used, but generally the reaction does not proceed so smoothly 
as with copper and gives undesirable by-products (compare Simington 
and Adkins, J. Amer. Chem. Soc., 1928, 50, 1449). Good results, 
however, appear to be obtained by the use of finely-divided silver, 
copper-silver, copper-zinc alloys or zinc oxide a-s catalysts (Moureu 
and Mignonac, Compt. rend., 1920, 170, 258 ; Ottensooscr, Bull. 
Soc. chim., 1927, [iv], 41, 324). 

A method has been described which appears to beuseful for alcohols 
which are volatile only with difficulty (Rosenmund and Zctsciie, 
Ber., 1921, 54, 1092, 2033). It consists in j)assing a current of air 
through a solution of the alcohol in cumene containing quinoline 
and m-dinitrobenzene and having metallic copi)er suspended in it. 
There are considerable differences in the optimal temperature for 
each alcohol, and the original papers should be consulted for details. 

The direct oxidation of the monohydrio primary aleoliols to the 
corresponding acids generally succeeds best by the action of alkaline 
permanganate (see Fournier, Bull. Soc. clmn., 1901), [iv], 5, 920). 
Less rarely chromic acid and sulphuric acid are used, for the product 
may contain esters, aldehydes, and acetals as by-products (sec p. 87). 

Preparation of isoButyriG Acid fro?7i isioBiUyl Alcohol . — A Holufioii of 280 g. 
of potassium permanganate in 1. of water is added during a ptu-iod of 3 — 4 
minutes to a mixture of 100 g. of wobutyl alcohol and 300 <i.c. of wat(ir con- 
taining 30 g. of sodium carbonate. The mixture is nuu^hanit-ally stirred and 
cooled to 4° by immersion in. a bath of icc-water. I'ho oxidaiion mixture is 
gradually allowed to attain room temperature. After about 12 liours the 
manganese dioxide is collected and the filtrate cv«,porat<.'d on the wa-tor-bath 
to about 300 c.c. It is then cooled, covered by a layer of cthca’, and acidified 
with dilute sulphuric acid. The aqueous layer, after the soparation of the 
ether, is extracted 2 or 3 times with further amounts of ether. The combined 
ethereal extracts are fractionated after drying over sodium sulphate. The 
yield of acid is about 84% of theory. 

This process of oxidation has been successfully applied to tho proparatioix 
of n- and 'iso-valeric, n-hexoic, n-heptoic, and amanlhylic acids from tho 
corresponding alcohols (Fournier, loc. cit.). 

A special method for the oxidation of the monohydrio aliphatic 
alcohols to the corresponding acids consists in heating the alcohol 
with caustic soda or potash in an autoclave at about 250 — 270° 
(Dumas and Stas, Annalen, 1840, 35, 132). Thus, ethyl, amyl, 
and ceryl alcohols heated with potash lime yield hydrogen and the 
salt of the acid. isoButyric acid is obtained similarly (Nef, 
AnTuilen, 1901, 318, 173; compare Brodie, ibid., 1848, 67, 202). 
Weizmann and Garrard (/., 1920, 117, 332), working with n- butyl 
alcohol, found that by heating with caustic soda at 275° in an auto- 
clave the evolution of hydrogen ceased after about 3 hours and good 
yields of n-butyrio acid were obtained together with a small pro- 
portion of a-ethylhexoic acid. They also found that if ti- butyl alcohol 
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is heated with 10% of its weight of sodium at 275° the product con- 
sists of about equal weights of 2-ethyUiexyl alcohol and '^-butyric 
acid and a small amount of a-ethylhexoic acid. With higher pro- 
portions of sodium the yield of acid is increased at the expense of 
the alcohol. 

Guerbet {CmnpL rend,, 1912, 154, 222, 1487; 155, 1157: 1917, 
164, 952 ; 165, 559) finds that when secondary alcohols are heated 
with caustic potash, condensation is the principal reaction, accom- 
panied by oxidation. Thus cyc2^ohexanol yields 2-cycZohexylcycZo- 
hexanol ; ^^opropyl alcohol furnishes methyl ^^oamyl carbinol. 

(b) Elimination of the Elements of Water from Alcohols. — The 
monohydric alcohols lose the elements of water to yield ethers or 
olefins according to the schemes (a) and (6) : 

2>CH-9(OH) ^ (>CH-({;)20 . . . (a) 

>CH-(5j(OH) — ^ >c:c< -f H^O . . (6) 

The relative ease with which each of these reactions occurs 
depends on the type of alcohol, on the dehydrating agent employed, 
and on the general experimental conditions. In general, tertiary 
alcohols show the greatest tendency towards the formation of ole- 
fins, the elimination of water being effected under comparatively 
mild conditions, compared with those employed for primary and 
secondary alcohols. On the other hand, some alcohols are unable 
to yield olefins by reason of their structure, and consequently the 
effect of dehydration results in the production of ethers. In 
other alcohols it is usually possible to arrange conditions so that 
either the olefin or ether is the principal product. 

The general methods of preparing olefins from alcohols fall into 
two groups, (a) Those in which the vaporised alcohol is passed 
over a heated catalyst such as alumina, aluminium silicates, tungsten 
oxide, or thoria. (5) The liquid alcohol is heated with a suitable 
reagent. For dehydration of this type very many reagents have been 
used — sulphuric acid with or without the addition of metal sulphates, 
phosphoric acid, oxalic acid, iodine, and the salts of weak bases with 
mineral acids. Of these, srilphuric acid has been employed exten- 
sively for the preparation of ethylene. Even this, the most favour- 
able example of the use of sulphuric acid, is not satisfactory, as the 
ethylene evolved contains ether and is contaminated by sulphur 
dioxide and carbon dioxide. The proportion of these undesirable 
products can be reduced by the addition of small amounts of copper 
sulphate or vanadium pentoxide, but in spite of many investigations 
to improve the process it is still not so satisfactory as the catalytic 
method, or even the process involving the action of hot phosphoric 
acid (Moser and Lindinger, Monatsh., 1923, 44, 142 ; Senderens, 
Compt. rend., 1923, 176, 813; Ann. Ohim., 1922, [ix], 18, 117; 
Compt. rend., 1910, 151, 392 ; Wohler, Annalen, 1850, 91, 127). The 
sulphuric acid method may be used for the immediate homologues 
of efhyl alcohol, but proportion of the acid should be reduced in 
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order to prevent charring (compare Adams, Marvel, and Kamra, 
J. Amer, Chem. Soc., 1918, 4o, 1950). 

A good method for the preparation of ethylene and its immediate 
homologues consists in running the requisite alcohol on syrupy 
phosphoric acid maintained at 200 — 220° (Newth, J., 1901, 79, 
915). Other methods include heating the alcohol with potassium 
hydrogen sulphate or aluminium sulphate, or adding the alcohol 
to zinc chloride at about 200°. The formation of olefins has been 
successfully accomplished from a number of secondary and tertiary 
alcohols by heating with p-toluenesulphonic acid (Wuyts, BuU. 
Soc. chhn. Belg., 1912, 26, 304). 

Preparation of GycloHcxene. — mixture of equal weiglits of <7/rZohoxanol 
and powdered potassium bisulphate — which has boon re(‘('nt.ly fused — is hoai od 
in a round-bottomed flask fitted with an ollicient fractionating column. The 
rat© of heating is regulated so that the thormometor at tho to^) of tho ooluinn 
shows a temperature of about 70°. A mixture of uator and fw/c/ohoxono 
passes over. The distillate is mado slightly alkaline by tho addition of caustic 
alkali, the cj/eZohexene separated, and after drying over Htxliuin Riilphato, 
distilled over sodium (Brunei, Bull. Soc. chim., 1905, (iiij, 33, 270). 

Preparation of Octylene. — Capryl alcohol is added gradually from a tlropping 
funnel to a distillation flask containing fused zinc chloride heaicMl iix an oil- 
bath to about 200°. The distillate consists of octylono and watcu* with a 
little unchanged alcohol. The upper layer of tho olefin is soparat cd, dried, and 
distilled over sodium. The product boils at 124 — 120° and is lu’obably a 
mixture of isomers (Noorduyn, Rec. trav. chim., 1910, 38, IM5). 

Preparation of Amylene. — ^A mixture of 1500 c.c. of '/,s‘oamyl alcohol and 
100 c.c. of concentrated sulphuric acid is hoated in a 3-litro flask fitUnl with a 
reflux condenser canted at 20° from the vortical. Tho condcusor jacket is 
maintained at 60 — 90° so that the more volatile productB pass through. They 
are condensed by a second and downward condonsor. After 8 hours, distil- 
lation is stopped and the upper layer of tho distillate separated. It is washed 
with dilute sodium hydroxide, dried, and distilled up to 100°. H’lie residxio is 
reserved for further preparations. The distillate is dried by solid Ciaiistic soda 
and fractionated. iaoAraylene is collected at 32 — 42° — yi(4d about 250 c.c. 

The residue remaining after heating with sulphxiric acid cont-ains unchanged 
amyl alcohol and diamyl ether, w'hich may bo recovered by steam distillation 
and subsequent fractionation (Adams, Kainin, and Marvel, J. Atncr. (Jhem. 
Soc., 1918, 40 , 1950). 

Senderens {Compt. rend., 1912, 154, 778) finds that tertiary 
alcohols and some of the higher secondary alcohols can be smoothly 
dehydrated by slow distillation with about 4% of concentrated 
sulphuric acid. 

An elegant method for the dehydration of tertiary, and some 
secondary alcohols has been described by H. Hibbort (,/. Amer. 
Chem. Soc., 1915, 37, 1748). It consists in distilling the alcohol 
slowly with a small amount of iodine and is exemplified by the 
following. 

Pre'i^ration of Trimethyleihylene. — tert.^Amyl alcohol (60 g.) and 0*14 g. 
of iodine are heated on a steam-bath, for 24 hours, the vapour being passed 
through an efficient fractionatmg column. The distillate is colloctod in a 
cooled receiver, and after washing, drying, and a further distillation, is T)uro 
t5oamylene, h. p. 36 — 37°, yield 27 g. 

AZco/ioZ.— Diacoton© alcohol 
(700 g.) IS d^tilled steadily through a fractionating column after adding 0*1 g. 
of iodine. The distillate collected up to 80° consists principally of acetone ; 
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between 80° and 126° mesityl oxide and water are collected, while pure , dry 
mesityl oxide is obtained at 126 — 131°. The upper layer of the second fraction 
is separated, dried over calcium chloride, and fractionated, when a further 
amount of mesityl oxide is collected at 126 — 131°. 

A somewhat similar method has been employed by Kyri abides 
(J*. Amer. Cliem, Soc., 1914, 36, 991) for the dehydration of pinacone 
to form py-dimethylbuta^ene. The elimination of the elements 
of water is effected by heating with a small amount of concentrated 
hydrobromic acid, trichloroacetic acid, or aniline hydrobromide. 
The method has been applied snccessfuHy to other glycols for the 
preparation of dienes and also for that of trimethylethylene. It 
appears that pinacone can also be deh^^drated by heating with a 
trace of 20% sulphuric acid at 130 — 140°. The same change can be 
effected by heating with some sulphates such as copper sulphate or the 
alums (Bayer and Co., D.E.-P. 246,660, 249,030, 250,086, 253,081). 

For the dehydration of menthenols to menthadienes an aqueous 
solution of oxalic acid has been used successfully (W. H. Perkin, jun., 
and Wallach, J., 1910, 97, 1436; Perkin, ibid.^ p. 2142; Luff and 
Perkin, ibid., p. 2154). 

Catal^T’tic methods yield themselves very conveniently to the 
preparation of olefins from primary and secondary alcohols. The 
vaporised alcohol is passed over alumina heated at 400 — 550°; 
a number of other catalysts have been employed, particularly 
kaolin and silicates of aluminium, and aluminium sulphate. Other 
substances, such as metaphosphoric acid, aluminium phosphate, 
and chromium phosphate, have been used to a less extent. 

Alumina appears to be of fairly general application, and is best 
prepared by adding an aqueous solution of ammonia to a solution of 
aluminium sulphate. The alumina paste thus produced is thoroughly 
washed by decantation, and after mixing with small lumps of pumice, 
is drained as completely as possible. It is then packed into a quartz 
or iron tube and dried at a temperature of about 300°. During this 
period, the alumina should not be subjected to too high a temperature, 
which would cause it to lose its activity. The heating may be 
effected in a gas furnace. It is, however, more convenient to wind 
a suitable resistance round the tube, which can be embedded in 
kieselguhr or some other heat-insulatiiag material, while the tem- 
perature can be controlled by a suitable thermo-couple. 

The preparation of the olefin is effected by passing the vapor- 
ised alcohol over the alumina heated at 350 — 500°. The most 
favourable temperature must be determined experimentally. The 
method of collecting the olefin is determined by its nature. In the 
case of ethylene and other gaseous olefins, water and unchanged 
alcohol are removed by condensation and the gas is collected in a 
gas holder. It can also be condensed by liquid air or carbon dioxide 
and ether. For olefins which are liquid at room temperatures, the 
water and alcohol may be removed by fractional condensation, or 
the mixture of olefin and alcohol may be fractionated after drying. 

The elimination of the elements of water from butyl alcohol and 
mosi? of the higher alcohols generally occurs to give a mixture of 
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isomeric olefins (King, J 1919, 115, 1404 ; Gillet, Bull. Soc. chitn. 
Belg., 1920, 29, 192; 1921, 30, 136, 226; Senderens, Compt.rend., 
1920, 171, 916). 


(3) Special Reactions of Phenols. 

TKe hydroxy-derivatives of the aromatic hydrocarbons are 
distinguished from the alcohols by their more loronounced acid 
properties. While in general the monohydric phenols are only 
sparingly soluble in water, they dissolve readily in dilute aqueous 
solutions of the alkali hydroxides. They can be precipitated 
unchanged from such solutions either by the addition of acid or by 
saturating with carbon dioxide. It is evident that this reaction 
serves to distinguish between carboxylic acids, which liberate 
carbon dioxide from carbonates, and the phenols, which do not 
decompose carbonates. The presence of nitro-, or halogen groups 
in the nucleus enhances the acidic nature of the phenol, for many of 
them containing such groups decompose carbonate solutions, with 
the formation of phenates. 

The di- and tri-hydroxy- derivatives of benzene and its homologues 
are solids of higher melting point, and are more soluble in water 
than the monohydric phenols. They lack the characteristic odour 
of the monohydric phenols and are further distinguished by their 
reducing properties. They reduce Fehling’s solution and ammoniacal 
silver nitrate, while their alkaline solutions absorb oxygen from the 
air with the production of dark-coloured liquids. Tliis aerial oxid- 
ation is more marked vdth phenols containing two hydroxyl groups in 
the ortho or para positions with respect to each other. 

It is noteworthy that the meifa-di- and tri-hydroxyphenols are 
capable of reacting in a tautomeric form. This is particularly 
so with phloroglucinol, which, in addition to its reactions as a phenol, 
yields a tri-oxime from the keto form (I). The y-hydroxyanthrac- 
enes have been isolated in keto and enol forms, which are inter- 
convertible. Thus Y-anthranol (II), an orange-coloured crystalline 
solid, readily soluble in dilute alkali, is converted by boiling in 
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glacial acetic acid into anthrone (III). This product has a much 
paler colour and is only soluble in alkah on -warming, yielding a 
solution from which the original anthranol can be precipitated 
by the addition of excess of acid. An eq[uihbrium mixture of the 
two forms is obtained by melting any one of them (K. H. Meyer, 
Annalen, 1911, 379, 37 ; compare K. H. Meyer and Sander, ibid,, 
1920, 420, 113). Anthrahydroquinone (IV) isomerises similarly 
to oxanthrone (V) 

The general reactions of the phenolic hydroxyl group have already 
been chscussed. The hydroxyl group has an important influence 
on the reactivity of the aromatic nucleus and, in consequence, 
substitution in the nucleus takes place more readily than -with the 
aromatic hydrocarbons. Not only do phenols more readily yield 
nitro- and halogen-substituted derivatives, but they can react with 
nitrous acid to give nitrosophenols, and with ^azo-compounds 
to form hydroxy azo- compounds. Further, the carboxyl, aldehyde, 
and carbinol groups can be introduced into the nucleus by reactions 
which are not apphcable to the hydrocarbons. 
j (a) Formation of Nifroso-Derivatives . — ^Nitrous acid reacts with 
phenols in aqueous or alcoholic solution to give nitrosophenols. 
In the benzene series the nitroso-group enters the para position 
with respect to the hydroxyl group. The methods of preparing 
nitrosophenols are illustrated by the following examples. 

J Preparation of -p-NitrosophenoL — mixture of 150 g. of sulphuric acid and 
400 c.c. of water is run slowly into a stirred solution of 60 g. of phenol, 54 g. 
of sodium nitrite, and 27 g. of sodium hydroxide in 150 c.c. of water cooled 
by an external bath of ice. After 2 hours, the p-nitrosophenol is collected 
and washed with ice-water. It is obtained in almost colourless needles by 
crystallisation from water (Bridge, Annalen, 1893, 277, 85). 

Preparation of Nitro socarvacroL. — 10 G. of carvacrol are dissolved in 40 c.c. 
of alcohol saturated at 0° by hydrogen chloride. A concentrated solution 
of 5 g. of sodium nitrite in water is added to the carvacrol solution cooled in 
ice. After some minutes the nitroso-compound separates as a thick paste. 
It is collected, washed with water, and crystallised from alcohol — ^yellowish 
needles, m. p. 153^. 

ISTitrosothymol is prepared similarly (Klages, Ber., 1899, 32, 1518). 

.j Preparation of a-Nitroso-P-naphthol . — 50 G. of j3-naphthol are dissolved in 
a warm solution of 14 g. of sodium hydroxide in 600 c.c. of water contained 
in a 1500-c.c. beaker. The solution is cooled to 0° by a freezing mixture, and 
while it is stirred mechanically, 25 g. of powdered sodium nitrite are added. 

Diluted sulphuric acid (110 g. d 1-32) is now added at such a rate that the 
temperature is maintained at 0°, crushed ice being added at intervals to cheek 
the rise in temperature- a-Nitroso-jB-naphthol gradually separates during 
the reaction. The stirring is continued for about J hour after all the acid has 
been added. The product is then filtered off and washed with water. It is 
dried, at first in air and then in a vacuum desiccator — ^yield about 60 g., m. p. 
106° (Marvel and Potter, Organic Syntheses, 1922, 2, 61). 

The nitrosophenols are tautomeric with the qninone monoximes, 
for the same product is obtained by the action of hydroxylamine 
hydrochloride on the appropriate quinone. Whether these com- 
pounds are to he represented by the phenolic formula or as derivatives 
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of Quinones, is not clear from tlie evidence of their reactions (see 
R C Farmer and Hantzsch, Ber., 1899, 32, 3101 ; Henrich, J. pr. 

Chem,, 1904, [ii], 70, 313). .... 

(b) Formation of Nitro-DerivaUves, — ^The nitration of the phenols 
takes place readily ; diluted nitric acid gives mononitro- compounds ; 
more concentrated acid resulting in the formation of di- and tri- 
nitro-derivati ves . 

Preparation of o-Nitro--p-Cresol. — ^Diluted nitric acid (1 vol. cone, acid : 

1 vol. water, 300 g.) is added to a mechanically stirred solution of 100 g. of 
p-cresol in 200 g. of benzene. The mixture is maintained at 20° during the 
nitration and the stirring continued for some hours after the addition of ail 
the acid. When the nitration is complete, the two layers arc allow ed to separate 
and the lower layer of acid is removed. After washing tlio benzene solution 
with water, the solvent is driven over by a current of steam. As some of the 
nitrocresol passes over with the benzene, the distillate is made alkaline with 
caustic soda, and the benzene thoroughly w^ashed with alkali. Tho alkaline 
solution thus obtained is acidified and added to thq residue of crudo nitro- 
cresoL and the whole steam distilled. Pure o-nitro-p-crosol passes over — 
yield 126 g. yellow needles, m. p. 33° (G. Schultz, Bcr., 1907, 40, 4324). 

Nitration of m.-Cresol to (jive Mononitrocrcsols. — A solution of 140 g. of 
m-cresolin 140 g. of glacial acetic acid cooled to — 5° is slowly poured into 200 g. 
of nitric acid (d, 1-5) diluted with 400 g. of glacial acetic acid and cooled to 
— 15°. The addition takes about 1| hours, and the toinx)craturc must bo ' 
kept below —1°. The nitration mixture is then poured on ih kg. of ice, and^.-" 
1 kg. of water added. A reddish fluid mass separates, which, after kooping^^ 
for 12 hours, solidifies. The solid is collected and washed with water, llio 
filtrate and .washings are extracted with ether and tho combined extracts and 
solid are distilled in steam. By this means a separation is offoctod into vola- 
tile and non-volatile nitrocresols which are present in about CMpial amounts. 
The distillate deposits 4-nitro-w-cresol, m. p. 56° on cooling. Fron 1 1 1 le acpieous 
portion of the distillate after the removal of tho 4-nitrocro8ol, the isomci'ic 
2-nitro-m-cresol can be obtained in small amount by extraction wfitli ether. 
There remains in the distillation flask, 6-nitro-?^t-cresol, which is purified 
through its sodium salt. The free 6-nitro<.‘rcsol Bcpara.i.oK from warm water in 
white needles, m. p. 129° (Khotinski and Jacopson-fTacopmami, /hr., 1909, 
42, 3097 ; Staedel, Annalen, 1883, 217, 51 ; Staodol and Kolb, ibid., 1890, 259, 
210 ). 

Preparation of 2 : ^ : Q-TrinitroresorcAnol {jStyphnlc Acid). — Fiuely-powdorod 
resorcinol is added — small portions at a time — to 5 or C parts of tH)ncontratod 
sulphuric acid warmed to 40°. The acid is stirred vigorously and tlie addition 
of resorcinol is discontinued till the previously added portion has dissolved. 
The heat evolved by the solution of the resorcinol is suflicient to maintain 
the mixture at 40° without any external heating. When all tho resorcinol 
has been added, the solution is heated on a steam-bath till it solidilios to a 
stifl paste of small needles. 

The mass is then cooled to 0°, and concentrated nitric acid — dilut ed with 
10% of its weight of water — added, care being taken that tho tomx>orature 
does not rise above 2°. The reaction mass becomes yellow, and more and 
more crystalline material is deposited. Later, concentrated nitric acid and 
then fuming acid is added till about 2 — 2^ times the theoretical amount has 
been added. The reaction mixture is kept over-night and then poured gradu- 
ally into li — 2 volumes of water. The nitro -compound separates and is 
washed by decantation and then collected, m. p, 175° fMerz and Zottor, JBer., 
1879, 12, 2037). 

Orcinol can be nitrated similarly. 

Preparation of Trinitrothymol.—A cold solution of 0*1 g. of thymol in 
1 c.c. of cold concentrated sulphuric acid is added to a stirred mixture of 1 c.c. 
of concentrated nitric acid and 1 c.c. of concentrated sulphuric acid. 
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After warming for 3 or 4 minutes, it is poured into 20 c.c. of water, cooled, 
and stirred. The trinitro -compound which separates is collected, washed in 
water, and crystallised from water containing a little hydrochloric acid, m. p. 
109 — 110° (Mulliken, Identification of Pure Organic Co7npounds, 1, 110). 

(c) Formation of Halogen Derivatives. — By tlie regulated action 
of chlorine or bromine on phenols, either alone or diluted by an 
anhydrous solvent such as glacial acetic acid, carbon tetrachloride, 
or chloroform, mono-, di-, or tri-substituted phenols are obtained. 
The halogens enter the ortho and para positions with respect to the 
hydroxyl. In the homologues of phenol, a similar orientation of 
the halogen is observed ovdng to the superior directing power of 
the hydroxyl group. 

Prolonged action of the halogen, more particularly in presence of a 
catalyst, results in the formation of polyhalogen-substituted phenols. 
Thus, the chlorination of phenol at 70 — in presence of a halogen 
carrier such as 2 — 3% of iodine or ferric chloride, yields 2 : 3 : 4 : 6- 
tetrachlorophenol, while ^-cresol brominated in presence of alumin- 
ium furnishes 2:3:5: 6-tetrabromo-p-cresol. 

Preparation of Z-Bromo-^-cresol. — ^The calculated amount of bromine is 
added to p-cresol dissolved in 5 or 6 times its weight of chloroform. After 
keeping for 2 or 3 days, the solvent is evaporated and the residue distilled. 
3-Bromo-p-cresol passes over at 218 — 219°. 

• 3 : o-Dibromo-p-cresol is prepared similarly by the action of the requisite 

amount of bromine on a solution of the cresol in chloroform. It is obtained 
as a crystalline solid, m. p. 49° from light petroleum. 

The preparation of tribromo-p-cresol requires the presence of iron powder 
as a halogen carrier. The bromination is allowed to continue at room tem- 
perature for 2 or 3 days, when the solution is filtered and the solvent evaporated. 
The product is purified by crystallisation from dilute acetic acid, m. p. 102° 
(Zincke and Wiederhold, Annal&n, 1902, 320, 202). 

Preparation of ^-Ghlorothyrnol . — ^The calculated amount of chlorine — ^from 
a known weight of permanganate and an excess of hydrochloric acid — ^is 
passed into a solution of thymol in glacial acetic acid. The chloroth37mol is 
precipitated by water and purified by recrystaliisation from light petroleum, 
m. p. 58° (P. W. Robertson and Briscoe, J., 1912, 101, 1968). 

Preparation of p-Bromoplienol . — ^Phenol dissolved in its own volume of carbon 
disulphide is cooled in a freezing mixture of ice and salt and stirred mechanically. 
The calculated amount of bromine for the introduction of one bromo -group 
into the nucleus, diluted with its own volume of carbon disulphide, is then 
added from a tap funnel. The hydrogen bromide evolved during the reaction 
may be absorbed in water. When the reaction is complete, the solvent is 
removed by distillation from a boiling water-bath, and the residue distilled 
under reduced pressure. ^^-Bromophenol is collected at 145 — 150° at 25 — 30 
mm. The first fractions contain some o-bromophenol and are collected 
separately. 

For the distillation under reduced pressure Adams and Marvel {O^^ganic 
Syntheses, 1921, 1, 39) recommend the use of a Claisen fiask in which the side 
arm outlet tub© extends for a short distance into the neck of the flask. This 
prevents any vapour which has been in contact with the rubber bung being 
subsequently condensed to a discoloured liquid and running down the side 
arm into the receiver. 

The chief fraction, by chilling and centrifuging, yields pure p-hromophenol 
(Adams and Marvel, loo, cit.). 

In aqueous solution or suspension, bromination takes place 
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readily, phenol yielding 2:4: 6-tribromophenol by the action^ of 
bromine water. Excess of bromine water results in the formation 
of 2 : 4 : 6 : 6-tetrabromocycZohexadienone — phenol tetrabromide ’’ 
^whieh, however, by reaction with unchanged phenol is recon- 
verted into tribromopheno]. The o-, m-, and p-crcsols yield similar 
types of compounds. 

(d) Reaction with Diazo-compounds . — Phenols react with diazo- 
compounds in aqueous solution in the absence of free mineral acid 
to furnish highly- coloured hydroxyazo-compounds, the azo-group 
occupying the ortho or para position with respect to the hydroxyl. 

Ph-N^-Cl + CgHs-OH — > Ph*N.yC J-I,-OH + HCl 

The formation of such hydroxyazo-compounds is generally 
brought about by adding the aqueous diazo-sohition to a solution 
of the phenol in dilute sodium hydroxide. If the phenol is soluble 
in water, sodium carbonate may be employed to neutralise the free 
acid of the diazo- solution and the acid liberated in the reaction. 
Hydroxyazo-compounds are also formed by adding aqueous solutions 
of the diazo-compound to the phenol in acetic acid in presence of 
sodium acetate. 

This reaction is an important one, as it is employed not only 
for the recognition of diazo-compounds and of substances yielding 
diazo-compoimds, but also for the industrial preparation of azo dye- 
stuffs. 

Couplingwith diazo-compounds is not restricted to the introduction 
of one azo grouping. By increasing the concentration of the 
reactants there is a tendency to the formation bisazo-compounds, 
if the necessary positions in the nucleus are vac^ant. Thus phenol 
can yield the bisazo compound (VI) under suitable conditions. 
The introduction of a second azo grouping appears to l)e favoured 
by the presence of alkyl groups in the nucleus, particularly if they 
are in the mefa position with respect to the hydroxyl. wfc-Dihydric 
phenols exhibit a similar tendency, yielding bis- and even tris- 
azo-compounds comparatively easily. Thus the monoazo-dcrivatives 
of resorcinol can he converted into (VII) and (VIll) and (.IX), 


OH OH OH OH 



.) (VII.) (VIII.) (IX.) 


The homologues of phenol with alkyl groups in the pam position, 
couple ortho to the hydroxyl. If a carboxyl or a sulphonic group is 
para to the hyc^oxyl, the coupling may take place with the expulsion 
of the group in the para position. Thus ^-hydroxybenzoic acid 
couples with benzenediazonium salts to yield ;p-hydroxyazobcnzene 
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(X) ; phenol-jp-sulplioiiic acid behaves similarly, while resorcylic 
acid (XI) yields a mixture of (XII) and (XIII). 


OH OH OH 



CO^H N^Ph CO^H 

(xf.) (XII.) (XIII.)'^ 


The phenyl ethers are also able to couple, although not so readily 
as the phenols themselves. The coupling is effected in acetic acid 
solution, and usually requires a reactive diazonium salt such as 
those derived from jp-nitraniline or 2 ; 4-dinitranihne. Some 
phenol ethers undergo fission during coupling. Thus a-naphthyl 
phenyl ether or ethyl a-naphthjd ether yields a mixture of the azo- 
a-naphthyl ether and azo-a-naphthol (K. H. Meyer and Lenhardt, 
Annalen, 1913, 398, 67 ; K. H. Meyer, Irschick, and Schlosser, Ber,, 
1914, 47, 1741). 

(e) Introduction of Aldehyde and Keto Groups . — ^Phenols react 
with hydrogen cyanide and hydrogen chloride to give aldimines 
according to the scheme : 

CgHs-OH + HCN + 2HC1 

H0-CeH4-CH:NH,HCl HO-CeH^-CHO + NH4CI 

Hydrolysis of the aldimine hydrochloride by water readily yields 
the aldehyde. This reaction is employed widely for the preparation 
of phenolic aldehydes. In applying it to the monohydroxy- 
derivatives of benzene and its homologues, it is necessary to carry 
out the reaction with hydrogen cyanide in presence of aluminium 
chloride using benzene as a solvent. Phenol ethers also react 
similarly under these conditions. The aldimine group enters the 
para position with respect to the hydroxyl group, unless this is 
already occupied, in which case an o-hydroxyaldehyde results 
after hydrotysis. The reaction proceeds more readily, however, if 
the para position is free. Dihydric phenols with the hydroxyl 
groups meta to each other yield aldimines particularly easily, the 
reaction being generally brought about in ethereal solution using 
zinc chloride as a condensing agent. These conditions can be ap- 
plied successfully also to the mono- and the di-hydroxynaphthalenes. 
Phloroglucinaldehyde can be prepared particularly easily by this 
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method, and it is even unnecessary to use a condensing agent. 
The following examples illustrate the different experimental modi- 
fications of this type of reaction (see Gatterniann, Armalen, 1907, 
357, 313). 

i Preparation of -p-Hydroxyhenzaldehyde. — inixturo of 20 g. of phenol, 
20 g. of anhvdrous hydrogen cyanide, and 30 g. of benzene is cooled in a bath 
of ice and salt, and 30 g. of anhydrous and linoly powdered aluiniuuun chloride 
are gradually added. A lively evolution of hydrogen^ chloride occurs with 
the formation of aluminium phenolate. The niixtur(> is now warmed under 
reflux at 40° and a moderate stream of hydrogen chloride passed in during 
4 hours. The product is then poured carefully inl.o ic.e -water acidified with 
hydrochloric acid, and from the mixture so obtained the benzene and most of 
the phenol are removed by distillation in steam. The a< pieous solution remaining 
is saturated with salt and extracted wdth other. After eoncontration of tlie 
ethereal extract, the hydroxyaldehydo is precipitated by the addition of 
sodium bisulphite, and subsequently liberated froju the bi.sulpliite c^ompound, 
bv treatment with dilute sulphuric acid. A greater part of the aldehyde in 
collected by filtration, and a further quantity can bo ubtaiiu'd by extraction 
of the acid filtrate by ether — yield 30%, ni. p. 11 (f’ ((hittormann, Per., 1S98, 
31, 1766). 

By a similar process, o-eresol gives a 3o — 40% yield of the corresponding 
aldehyde; ??i-cresol a 45 — 50% yield, while thymol gives an almost (quantita- 
tive yield. It is noteworthy that the aldehyde from thymol does not form 
a bisulphite compound. 

The aldehyde group can be introduced into the miclous of phenol others by 
a similar method.- The method has been applied successfully to anisole, 
phenetole, m-ohloroanisole, ??t-clilorophonetole, dijfiu^nyl cd.her, voratrolo, 
catechol diethyl ether, resorcinol dimethyl other, a- and j9-napht.Iiyl others. 

Preparation of 4zPIydroxynapJhtJialdehijde.. — A inixtui'e of 15 g. of a- 
naphthol, 15 g. of anhydrous zinc chloride, aixd 10 g. of hydrcigen (*yanido 
in 30 g. of dry ether is saturated with hydrogen chloride. After the stream 
of hydrogen chloride has been continued for about 1 hour a heavy oil (^oinmoncos 
to separate, which gradually increases in amount and ov(^utualJy bciconies 
crystalline. After ab^out 24 hours the I'oactiori is conq)lot(:i, when the current'' 
of hydrogen chloride is discontinued. The other is dtH^anlcHl from tho solid 
matter, which, after washing with more ether, is heated wntli w^ator. Tlio alde- 
hyde is obtained in almost quantitative yield, lu. p. 181°. 

j9-!Xaphthol reacts similarly to give 2-liydroxynaphthaklohydo (Gai-tormann 
and V. Horlacher, Ber., 1899, 32, 284). 

This method has also been applied to tho proparation, of ahkdiydos from 
pyrogallol, hydroxyhydroquinono, 1 : 5-dihydrc)xynaphthalcn(3, 2 : 7-dihydr- 
oxynaphthalene, and 2 : 6-dihydroxynaphthalono. 

Preparation of Eesorcylaldehyde. — solution of rosorciixol (10 g.) iii 30 g. 
j of ether is mixed with 5 c.c. of anhydrous hydrogen cyanide in a siiriall round- 
bottomed flask and a stream of hy(irogen chloride passed so that tho excess 
escapes through the condenser. It is unnecessary to cool tho reaction mixture. 
The aldimine hydrochloride separates out as a thick mass and partly as crystals 
on the side of the flask. After keeping for a few hours tho other is decanted 
ofi and the residue of aldimine hydrochloride washed with itiorti ct-hor. It is 
hydrolysed to the aldehyde by adding about 40 c.c, of boiling wut(u\ Tho 
hydrochloride dissolves completely and the aldohydo 80 x)aratos <iut on cooling 
in almost quantitative yield, m. p. 134°. 

Orcin and xylorcin similarly react tc> give the aldehyde. Phloroglucinalde- 
hyde is prepared similarly, except that it is necessary to hydrolyse the aldimine 
hydrochloride with dilute sulphuric acid (A. Robertson and Robinson, J., 
1927, 2202). 

This reaction has been extended by its application to the synthesis 
of phenolic ketones by the condensation of wz-di- and tri-hydric 
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phenols with nitriles and hydrogen chloride (Hoesch, Ber., 1915, 
48, 1122 ; Hoesch and v. Zarzecki, ibid., 1917, 50, 462), The reaction 
is q[uite similar in type to the Gattermann phenolaldehyde synthesis, 
and proceeds through the intermediate formation of an imine (H. 
Stephen, J., 1920, 117, 1529) according to the scheme 

(ho) 2C6H4 + R-cisr + Hci — (H0)2C6H3 -ce:nh,hci 

(HOaCeHs-CO-R + KS^Cl. 

The synthesis is illustrated by the following examples. 

/ Preparation of Resacetophenone . — ^Powdered anhydrous zinc chloride (2 g.) 
is added to a solution of 5 g. of resorcinol and 3 g. of acetonitrile in 25 c,c. of 
dry ether. Dry hydrogen chloride is passed through the mixture. The zinc 
chloride gradually dissolves and the solution becomes warm. After about 
J hour a turbidity appears, and the solution subsequently sets to a thick paste. 
When the separation is complete, the flask is corked and set aside for several 
hours. Water (25 c.c.) is then added and the solution shaken with ether. 
The aqueous solution is heated for about i hour. On cooling an abundant 
separation of the hydroxy-ketone takes place. A further amount is obtained 
by ether extraction of the aqueous filtrate — yield 4*8 g., m. p. 144 — 145° 
after crystallisation from water. Orcin and resorcinol monomethyl ether 
react similarly. Benzonitrile, vanillic nitrile, and protocatechuic nitrile have 
> been condensed with resorcinol and phloroglucinol to yield the corresponding 
hydroxy ketones (Hoesch, loc. cit.). 

Preparation of Phloracetophenone . — ^A stream of dry hydrogen chloride is 
passed through a solution of 6 g. of phloroglucinol and 3 g. of acetonitrile. 
The separation of the ketimine commences after about J hour, and is complete 
after about 2 hours. The product is then kept for several hours, wken it is 
taken up in water (100 c.c.). The aqueous solution is shaken with a further 
quantity of ether and about 20 c.c. of oW-sulphuric acid are added. The 
ketimine sulphate separates as groups of thin colourless needles — ^yield 8-5 g. 

The sulphate, heated with 15 times its weight of water for 15 minutes, is 
hydrolysed to phloroacetophenone, which separates on cooling in long, almost 
colourless needles (Hoesch, loc. cit.). 

Karrer {Helv. OJiim. Acta, 1919, 2, 89) has prepared resorcyl- and 
phloroglucin-aldehydes by condensation of the appropriate phenol 
with cyanogen bromide in ethereal solution in presence of zinc 
chloride and hydrogen chloride. 

A new method for the preparation of hydroxyhenzophenones by 
the reaction of benzanilide imino-chloride, Ph-NICCl*Ph, with 
resorcinol or phloroglucinol has been described by Stephen (loc. cit.). 

A further method for the preparation of phenolic aldehydes has 
been described by Haakh (E.P. 157,850). It depends on the form- 
ation of an azomethine when a phenol is condensed with p-nitroso- 
diethylaniline in presence of formaldehyde. 

The introduction of the aldehyde group into phenols can also he 
effected hy reaction of the phenol in alkaline solution with chloro- 
form (Reimer and Tiemann, Ber., 1876, 9, 824). The method has 
been found apphcable, not only to homologues of phenol, but also to 
dihydric phenols and to some phenolic acids (Reimer and Tiemann, 
Ber., 1876, 9, 1271; Reimer, ibid., 1878, 11, 793; Tiemann and 
Schotten, ibid., p. 773; Tiemann , 10, 2211; 

Tiemann and W. H. M. 4f^;^'Be|nann and 
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Koppe, ihid.^ p. 2015; Anselmino, ibid., 1902, 35, 4108; Chuit and 
Bolsing, Bull, Soc, chim., 1906, [iii], 35, 129 ; compare Atiwers and 
Winternitz, Ber,, 1902, 35, 465). 

*■' Preparation of Salicylaldehyde and ^-Ilydroxyhenzaldefiyde. — Phenol (30 g.) 
is dissolved in a solution of 60 g. of sodium hydroxide in 100 c.c. of water in 
a 1-1. flask fitted with a reflux condenser and a mechanical stirrer. The 
mixture is heated to 50 — 60° in a water-bath, and while it is stirred, chloro- 
form (45 g.) is added gradually. When all the chloroform has been added, 
the mixture is boiled for h hour. It is then distilled to remove unchanged 
chloroform, then strongly acidified with hydrochloric acid and steam distilled. 

Salicylaldehyde and unchanged phenol are driven over with the stoam. 
They are removed from the distillate by ether and the aldohytlo is removed 
from the ether solution by shaking with a saturated solution of sodium bisulph- 
ite. The crystalline bisulphite compound thus obtained is collected and 
washed with ether and finally with a little alcohol to remove phenol. By 
warming the purified bisulphite compound with dilute sulphuric acid, the 
aldehyde is liberated. It is separated with the aid of ether, the ethereal 
solution dried in contact wnth anhydrous sodium sulphate and distilled, b. p. 
195° — ^yield about 6 g. 

The aqueous solution remaining after the removal of salicylaldehyde from 
the original reaction product contains p-hydroxybonzaldehy<lo and suspended 
tarry matter- It is filtered while still hot through a duTnj) filtor-papor. The 
filtrate, after cooling, is extracted with other. After <Jrying the othoroal 
solution in contact with anhydrous sodium sulphate, the solvent is tlistillod 
off, leaving p-hydroxybenzaldehyde in an approximately pnro condition. 
It may be further purified by crystallisation from hot water or through its 
bisulphite compound, which is readily soluble in water, rn. p. 115° — yield 
about 1 g. (Reimer and Tiemann, J5er., 1876, 9, 824; Tiomann and Horzfeld, 
ibid,, 1877, 10, 63, 213), 

Preparation of ^-Hydroxy -a-naphthaldehyde. — Chloroform (400 g.) is added 
drop by drop to a solution of 400 g. of ^-naphthol in a mixture of 1650 c.c. of 
water and 1200 g. of alcohol (90%) containing 800 g. of sodium hydroxide. 
The commencement of the reaction is recognised by development of a blue 
coloration. During the course of the reaction boating should bo stopped, 
as the heat liberated is sufficient to continue the condensation. The addition 
of the chloroform generally requires about an hour, and the ond of tho reaction 
is recognised by the colour of the reaction mixture clianging to a light rod, 
which neither the addition of more alkali nor more chloroforn:i can change. 

The alcohol is then distilled off and the residue acidified with hydrochloric 
acid. The crude hydroxyaldehyde separates as an oil, which is removed with 
ether, dried in contact with anhydrous sodium sulphate, and distilled under 
reduced pressure, b. p. 192° /27 m.m.— yield 86% of theory (Fosso, Bull. Soc. 
cMm., 1901, [iii], 25, 373). 


(f) Introduction of Carboxyl Group . — It was found by Kolbc 
(J . pr. Chem., 1874, [ii], 10, 94) that sodium phenate yields a salt 
of salicylic acid by heating in a stream of carbon dioxide. This 
reaction apparently depends on the formation of sodium phenyl 
carbonate, which is converted into sodium salicylate by intramole- 
etdar rearrangement (R. Schmitt, J. pr. Chem., 1885, [ii], 31, 397); 
Tijmstra considers, however, that the reaction is primarily dependent 
on the direct interaction of carbon dioxide with the aromatic 

compare Tijmstra and Eggink, 
%bid., 1906, 39, 14; Tijmstra, ibid., 1912, 45, 2837). 

The reaction is^rought about most effectively either by heating 
sodaum phenyl carbonate in an autoclave at 130°, or simply by passing 
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carbon dioxide into dry sodium phenate heated under pressure at 
130 — 140° tOl there is no further absorption of the carbon dioxide. 
The temperature and the nature of the alkali salt appear to have an 
influence, for sodium phenate treated with carbon dioxide under 
pressure at temperature above 140° furnishes some p-hydroxy- 
benzoic acid. TMs acid is produced in good yield by the action of 
carbon dioxide on potassium phenate at 180°. The alkali salts of 
the homologues of phenol show a similar behaviour to carbon dioxide. 
The reaction of carbon dioxide with the alkali salts of g-naphthol 
is very interesting, for by suitably altering the conditions, the carb- 
oxyl group may be introduced into positions 1-, 3-, or 6- (compare 
Morgan, J. Soc. Chem. Ind., 1931, 50, 104). 

In the case of the di- and tri-hydric phenols the introduction of 
the carboxyl group can be brought about by milder conditions — 
namely, by heating with fairly concentrated aqueous solutions of 
alkah bicarbonates at about 130°. If the hydroxyls are in the meta 
position, as in resorcinol or phloroglucinol, the reaction goes particu- 
larly easily, and can be effected by heating for a short time in an 
open flask with bicarbonate solution, preferably in a stream of 
carbon dioxide (Will and Albrecht, Bar,, 1884, 17, 2103 ; Bistrzycki 
and V. Kostaneeki, ibid,, p. 1985; v. Kostanecki, ibid,, p. 3202; 
Thiele and Jaeger, ibid,, 1901, 34, 2840). 

j Preparation of EesorcyliG Acid , — ^Resorcinol (20 g.) is heated in a flask 
with 100 g. of potassium bicarbonate and 200 e.c. of water for about 1 J hours 
and the solution finally boiled vigorously. It is then cooled, acidified with 
hydrochloric acid, and extracted with ether. The resorcylic acid is removed 
from the ether extract by shaking it with aqueous bicarbonate solution, 
acidifying the latter solution, and extracting with ether. Evaporation of 
this last ether extract yields crude resorcylic acid, which after crystallisation 
from water is obtained pure. The acid separates in hydrated crystals. The 
anhydrous acid has m. p. 213® (with rapid heating). 

Orcinol hehaves similarly. 

K. Brunner {Annalen, 1907, 351, 319) describes conditions for the 
introduction of the carboxyl group which consists in heating the 
di- or tri-hydric phenol in glycerol solution with bicarbonate in a 
stream of carbon dioxide at temperatures between 130° and 210°. 
By this process the temperature at which the reaction is effected may 
determine the nature of the product. Thus resorcinol at 180° gives 
p-resorcyhc acid in almost quantitative yield, while at 130° the 

■ yield of acid is only 40%, and the product consists almost entirely 
of y-resorcylic acid. The use of higher temperatures may result 
in the formation of dibasic acids. 

Another method for the preparation of phenolcarboxylic acids 
is the reaction of the phenol with carbon tetrachloride in alkaline 
solution (Eeimer and Tiemann, Bar., 1876, 9, 1285; Hasse, ibid., 
1877, 10, 2185). It is analogous in principle to the preparation of 
the hydroxy aldehydes from phenols and chloroform. The principal 
product is the p-hydroxy-acid, if the para position is free. This 
reaction has been apphed to the introduction of a carboxyl group 
into nitro- and chloro-phenols. 
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■ (g) Lederer-Manasse iJeaciiow.— Phenols can condense with 

aqueous formaldehyde in alkaline solution with the formation of 
hydroxybenzyl alcohols, the -CHa'OH group entering the ortho and 
para, positions (Lederer, J. pr. Ch&rn., 1894, [ii], 50, 223; Manasse, 
Ber., 1894, 27, 2409 ; 1902, 35, 3844). 

The general method of procedure consists in adding about 1 mol. 
prop, of formalin solution to a solution of 1 mol. prop, of the phenol 
in somewhat more than the necessary amount of dilute sodium 
hydroxide solution. The solution is kept till the odour of formalm 
has gone, when the alkah is neutrahsed by the addition of a moderate 
excess of dilute acid. The product is extracted with ether. 

This simple condensation is frequently accompanied by the form- 
ation of smaller or greater amounts of diphenylmethane derivatives 
in which 2 mol. props, of phenol react with 1 mol. prop, of formalde- 
hyde. The formation of these compounds appears to be dependent 
also on the reactivity of the phenol. This type of condensation is, 
however, favoured by vigorous condensing agents. Thus wi-xylenol 
reacts with formaldehyde solution under the influence of dilute 
aqueous sodium hydroxide solution (1—2% solution) to give {a). 
If slaked lime is used as condensing agent the normal product 
(b) is obtained (Manasse, Ber., 1902, 35, 3844; v. Auwers, ibid., 
1907, 40, 2526). P-Naphthol behaves similarly. 

A number of condensing agents other than alkali have been used — 
barium hydroxide, sodium carbonate, zinc oxide, potassium car- 
bonate. Generally, examples of the use of these substances are 
confined to the patent literature. 



(4) Enolic Compounds. 

The grouping >ClC*OH present in phenols is also characteristic 
of the enohc forms of ketones, and consequently enolic compounds 
resemble the phenols in many of their reactions. Thus, the enolic 
forms of 1 ; 3-di-ketones and P-ketonic esters give colorations with 
ferric chloride and are acidic in character, dissolving in aqueous 
alkali to give alkali salts. Other metal salts are known, the copper 
salts in particular being employed for the isolation of the pure 
diketones from latstures, as well as for their characterisation. 
The metal derivatives of acetyl acetone are best known, more than 
sixty having been prepared (Combes, Gompi. rend., 1887, 105, 868; 
Tanatar and Kurovski, J. Russ. Phys. Chem. 8oc., 1906, 40, 680; 
Kurovski, Rer., 1910, 63, 1078; Morgan and H. W. Moss, J., 1914, 
105, 189; Morgan and H. D. K. Drew, ibid., 1924, 125, 372, 1264; 
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Morgan and Bowen, ibid.., p. 1252). Most of these compounds 
are not normal salts, in that many of them are soluble in hydro- 
carbons, sparingly soluble in water, and can be volatilised without 
decomposition. They are to be considered as co-ordination com- 
pounds, in which the carbonyl group is attached to the metal by a 
co-ordinate link according to the formula 

CHo-C— 0 
\ 

HO Me 
CHg-b— 0-^ 

The reaction of the alkali derivatives of the enols with alkyl 
halides and acyl halides is very interesting. In general, the alkyl 
hahdes do not yield the corresponding ethers as the principal product, 
but a ketone in which the alkyl group is attached to the a-carbon 
atom. Thus the sodium derivative of acetoacetic ester (I) gives with 
methyl iodide, a-methylacetoacetic ester (II) 

CH3*C(0Na):CH*C02Et + CH3I 
(!•) 

CH3-C(0Na):CH-C0*CH3 -f CH3I 

The sodium derivative of acetyl acetone gives similarly 
(CH3*C0)2CH(CH3). Compare the behaviour of resorcinol and 
phloroglucinol towards alkylation, and also the action of some 
halides on the sodium salts of phenols suspended in non-dissociating 
solvents (p. 74). 

The reaction of the alkah salts of the enols with alkyl hahdes is 
one which has most important applications in synthetical work, 
and especially with p-keto esters such as acetoacetic ester. 

Pre'pamtion of monoAlkyl Derivatives of Acetoacetic Ester.— To an alcoholic 
solution (about 10% concentration) of sodixun ethoxide (1 mol.) is added the 
necessary amount of acetoacetic ester (1 mol.). A slight excess of the appro- 
priate alkyl halide is then added and the mixture heated under reflux till it 
is no longer alkaline to moist litmus paper. 

The greater part of the alcohol is distilled ofl, water added tp the residue, 
and the oil taken up in ether. After washing the ethereal solution with water, 
it is dried over anhydrous sodium sulphate, then evaporated, and the residue 
fractionated under reduced pressure (W. Wislicenus, Annalen, 1877, 186, 
216; Conrad and Limpach, 1878, 192, 153). 

The introduction of a second alkyl group can be effected in the same way. 
It is usually unnecessary to isolate the monoalkyl compound, for the neutral 
alcoholic solution resulting after the reaction of 1 mol. prop, of alkyl halide 
can be treated with a further equivalent of alcoholic ethylate and alkyl halide. 
The subsequent operations are similar to those described above. 

Michael and Wolgast {Ber., 1909, 42, 3176) consider that the usual 
method of purifying the monoethyl derivative of acetoacetic ester 
is not sufficient to remove all the diethyl derivative. The following 


CH3-C0-CH(CH3)-C02Et + Nal 
(IL) 

CH3-C0-CH(CH3)-C0-CH3 + Nal 
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is a description of the purification of the crude product of tJie re- 
action between ethyl iodide and sodium acetoacetic ester and its 
subsequent hydrolysis to methyl propyl ketone. 

The crude product is shaken with dilute aqueous ammonia to remove 
acetoacetic ester. The oil is separated and fractionated. The distillate 
collected over approximately the right range, is shaken for 3 /) minutes at room 
temperature with an excess of 5% aqueous potassium liydroxido. Hydrolysis 
of the monoethyl derivative occurs rapidly under these conditions, while the 
diethyl derivative is scarcely attacked. The oil is then sej)arated, wliilo the 
aqueous alkaline solution is kept for 24 hours. It is then ar'idifiod with dilute 
hydrochloric acid and gradually heated under reflux. The evolution C)f carbon 
dioxide takes place at about 40 — 50°, and after heating for tibout (5 hours 
the decomposition is complete. The ketone is then distilled off. 

Preparation of ^-Methylpropionyl Acetone . — Tlio sodium salt of propionyl 
acetone is prepared by adding the requisite amount of soditnu to an etlioroal 
solution of the diketone. The air-dried sodium salt is iieated under an oHiciont 
reflux with 4 parts of methyl iodide at 1 10°, a.u<l after about 1 hour the 
temperature is raised to 140 — 150°. After cooling, the mixture is shaken with 
water. The organic liquid is removed by other. 

Fractionation of the dried ethereal solution yields 3 -mei.hyl propionyl acetone 
b. p. 85 — 87°/ll mm. 3-Ethylpropionyl acetone, 3-bntylacetyl acetone’ 
3-ethylbut37ryl acetone, and dipropionylothylmcdliano have Ix^en rjroTmrod 
by a similar process (Morgan and Drew, J., 3924, 125, 745; Morgan and 
Thomason, p. 757 ; Morgan and Holmes, ibid., p. 700). 

Preparation of 3 : Z-Dimethylacetyl Acetone . — 61 G. of flie sodium derivative 

of 3-methylacetyl acetone and 250 g. of methyl iodithi are heaf-cd at 3 20 

160° for 4 hours. The product is worked up as dc^s(;ribod above. Yic^d 23 cc 
h. p. 61 — 62°/9 mm. (Morgan and Drew, J., 1924, 125, 3 001). 

Althougli the 0-ether is not produced by the a.lkylation of the 
pcRum salts of enolic compounds, it is usua-lly possihU^ to obtain 
it in small amount by using the silver salt. Thus tlio silver salt of 
the enolic form of acetoacetic ester yields some of the 0-<itlier 
p-ethoxycrotonic ester (Nef, Annale^i, 1893, 276, 202; l.andor' 
J., 1903, 83, 416). The silver salt of the enolic form of ethyl 
oxaloacetate gives, however, the ethyl ether EtO,>(>C(OEt):CH-COJi:t 
as the principal product. Morgan and Drcw“(^/., 1921, 119, G14) 
have described a novel method of preparing the ether of the enolic 
lorm of acetyl acetone. 

Acyl halides react with the sodium salts of enolic cjornpoxinds to 
give, m most cases, the C-derivative. Thus the sodium derivative 
ot acetoacetic ester reacts with acetyl chloride or bonzovl chloride 
to yield compounds of the type CH 3 -CO-CH(C 0 Il)- 0 O 2 Et. 


^oetoaceiic lUster.—For ovory 100 g. of lu-.otaaootic 
alcoholic solution containing 17-7 g. of diHsolved 

Xoride Sd chlonde. The addition of inoro benzoyl 

b“n add^^thl solution is continued till GOO c.c. of othoxido ha^ 
previoiSlv ’ T^e half of the amount added 

added and is then chloride has boon 

salt of benzovl acetonop+i'f resume of sodium chloride and the sodium 

is isolated bv^treatment washed mth ether. The benzoyl derivative 

y reatment with water and acidification with acotio acid, followed 
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by extraction with ether (Claisen, Annalen, 1896, 291, 67; E. Fischer and 
Billow, Ber,, 1885, 18, 2131). 

The reaction between the sodium salt and the acyl chloride is 
more usually effected in an indifferent solvent. 

Preparation of Benzoyl Acetoacetic Ester. — ^Acetoacetic ester dissolved in 
6 — 7 times its weight of ether is treated with 1 atomic proportion of sodium 
wire and kept till all the metal has been converted into the sodium salt. A 
solution of the requisite amount of benzoyl chloride in ether is then added. 
When the odour of the chloride has disappeared, the ether is washed with 
water and dried. Evaporation of the solvent yields the benzoyl derivative 
(James, Annalen, 1884, 226, 220). 

It is interesting to note that while the acyl halides, in general, 
substitute the methylene group, chloroformic ester, ChCOgEt, reacts 
with the sodium derivative of acetoacetic ester to give a high pro- 
portion of the true enolic derivative CH 3 ‘C( 0 'C 03 Et)ICH'C 02 Et 
(Nef, Annalen, 1891, 266, 52). 

The true acyl derivatives of the enolic forms of acetoacetic ester 
are most conveniently prepared by reaction of the ester with the 
appropriate acyl halide in pyridine solution. 

Preparaiion of Aoetoxyorotonic Ester. — ^Acetyl chloride (IJ mol, props.) 
is added to a solution of acetoacetic ester (1 mol. prop.) in 2 mol, props, of 
pyridine. The mixture must be cooled during the addition of the acyl halide. 
The solution soon sets to a paste of pyridine hydrochloride. After keeping 
it for 1 or 2 days, ether is added and the insoluble pyridine salt collected. 
The ethereal filtrate is shaken with dilute sodium hydroxide solution, then 
with dilute sulphuric acid, and finally with water. After drying, the solution 
is fractionated giving the acetyl derivative, b. p. 112 — 113°/17 mm. The 
yield is approximately equal to the weight of acetoacetic ester taken (Claisen 
and Haase, Ber., 1900, 33, 1242, 3780). 

Reaction of enols with bromine takes place readily, and in 
alcoholic solution it is stated to take p)lace instantaneously. The 
method has been used successfully for the estimation of the pro- 
portion of enol in mixtures containing the keto form, since the keto 
compound is not seriously attacked by bromine during the period 
of the estimation. The reaction probably takes place according 
to the following scheme giving a-hromo ketone : — 

>C:doH + Br^ — ^ >CBr-C(OH)Br — >CBr-C:0 + HBr. 

The estimation consists in adding to the keto-enol mixture a 
solution of bromine in alcohol from a burette till the colour is no 
longer discharged. If the concentration of the bromine solution 
is known accurately, the volume used provides a measure of the 
amount of enol in the mixture. As the concentration of the alcoholic 
solution of bromine changes rapidly, it is better to estimate the 
amount of bromo ketone by adding to the solution potassium iodide 
and concentrated hydrochloric acid. After v/arming, the liberated 
iodine is titrated with standard thiosulphate (K. H. Meyer, Annalen, 
1911, 380, 216). 
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Ends resemble the phenols also in their ability to react with 
diazo-solntions to give azo-compoimcls. Tlie coupling is best 
effected by adding the aqueous solution of the diazo-eompound 
to an alcoholic solution of the p-keto ester or 1 : 3-diketonc, and then 
adding sodium acetate (G. Billow, Ber., 1891), 32 , 197 ; Morgan and 
Redly, J., 1913, 103 , 810; compare V. Meyer, Ber., 1877, 10 , 2075; 
Zilblin, ibid., 1878, 11 , 1417; v. Richter and Mihizer, ibid,, 1884, 
17 , 1926; Beyer and Claisen, ibid., 1888, 21 , 1097). It sometimes 
happens that, during coupling, groups are split off — for example, 
in the coupling of 3-methyl acetyl acetone to yield a derivative of 
methyl ethyl ketone (Morgan and Reilly, loc, cit.), or in the behaviour 
of malonic acid with diazo-compounds (v. Pechmann, Bp.r., 1802, 
25 , 3175; Busch and Wolbring, Ghem., 1905, [ii], 71 , 370). 

(3) Merca.'pians and TMo-jilKmols. 

The . sulphur analogues of the alcohols — the rncrcaptans — are 
neutral liquids of persistent and generally not ]dc'.a.vsant odour. 
They show a more pronounced tendency than the ah-ohols towards 
the formation of metal derivatives. Solutions of the alkali salts 
are obtained by dissolving the mercaptan in aqueous alkali, while the 
dry alkali salt is prepared by reaction of the dry mercaptan, prefer- 
ably diluted with an inert solvent, with the alkali metal. Of the 
other metal salts, those of lead and mercury are the most ixnpoi'tant, 
since many of them have definite melting points and are used to 
characterise the mercaptans. 

Preparation of Lead and Mercury Salts of the Mrrr.ap/fttis,^A solution of 
the mercaptan (6 drops) in. 2 c.c. of alcohol is trofitcsd •with an oxcosh of 20% 
lead acetate solution or of 10% mercuric cyanide. ( )n cooling, the x^recopitatod 
mercaptide is collected and dried on porous eart,hon\vart>. I’lio inovcmy salts 
are best purified by crystallisation from alcohol. Odds proc-esH is roftommonded 
by Wertheim for the characterisation of small amounts of inor(*aptans (./- 
Amer. Chem. Soc., 1929, 51, 3661). 

This process can be used for the preparation on a larger .stuilo, or tho .mercury 
salts may be obtained by the action of mei'curic oxide cm the mert^aptan. 

The mercaptans resemble the phenols in that they can be alkylated 
to thioethers in alkaline solution by alkyl halides, or by alkyl sul- 
phates or alkyl esters or arylsulphonic acids. The thiophenols behave 
similarly. 

Preparation of Thioethers . — slight excess of dialkyl sulphate or alkyl 
e^er of an arylsulphonic acid is added to a solution of tho mercaptan or thio- 
^enol in 15— -20% of aqueous sodium hydroxide solution (20% excess of alkali). 
Ihe mixture is then refiuxed for 2 — 3 hours, when tho oil which has separated 
is removed, dried over potassium carbonate, and distilled (compare Gilman 
and Beaber, J . Amer, Chem. Soc., 1925, 47, 1449). 

The preparation of the 2 : 4-dmitrophenyl thioethers from mer- 
captans ly reaction with 2 : 4-dinitrochlorobenzeno has been 
^commended as a method for the characterisation of mercaptans. 
Rost, Turner, and Norton {J, Amer, Chem. Soc., 1932, 54, 1985) 
describe the foUowinef^ nroneHnrp! 
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A solution of 0*01 g.-mol. of the mercaptan in 30 c-c. of absolute alcohol is 
mixed with the theoretical amount of sodium hydroxide in 3 e.c. of alcohol 
and 0*01 g.-mol. of 2 : 4-dinitrochlorobenzene in 10 c.c. of alcohol. The 
reaction is completed by heating in a water-bath for 10 minutes. The solution 
is filtered while still hot. The thioether crystallises out on cooling. 

Oxidation of the thioether to the corresponding sulphone is recommended 
as a further characterisation (see p. 115). 

There appears to be some tendency for the mercaptans to form 
esters by reaction with organic acids according to the scheme 

C6H--C02H + EtSH — ^ CgH^-CO'SEt + H^O 

The reaction is a reversible one, and the tendency to ester formation 
is much less than with the alcohols (compare Reid, Amer. Chem. J., 
1910, 43, 489 ; J. H. Sachs and Reid, ibid., 1916, 38, 2746 ; Faber 
and Reid, ibid., 1917, 39, 1930; L. S. Pratt and Reid, ibid., 1915, 
37, 1934.) 

In their behaviour towards oxidation, the mercaptans and thio- 
phenols differ markedly from the alcohols and phenols. The main 
products are disulphides of the type R*S*S*R or sulphonic acids. 
Either of these two types can be obtained by suitably regulating the 
conditions. 

The formation of disulphides from the mercaptans has been 
brought about by a number of methods — ^the action of concentrated 
sulphuric acid, of sulphuryl chloride, of ferric chloride, or of bromine. 
The most convenient method is by the use of iodine due to Kekule 
and Linnemann (Annalen, 1862, 123, 277). 

Preparation of Diethyl Disulphide. — ^Finely-powdered iodine, slightly less 
than the theoretical amount, is added gradually to a mechanically stirred 
solution of ethyl mercaptan in a slight excess of 15% sodium hydroxide 
solution. The separation of the disulphide commences immediately, and 
after the whole of the iodine has been added the almost colourless oil is taken 
up in ether, washed with dilute sodium hydroxide solution and water, dried, 
and fractionated. Diethyl disulphide is obtained as a colourless liquid of 
pleasant ethereal odour, b. p. 152 — -153° (Kekule and Linneman, loc. cit. ; com- 
pare Smythe, J., 1909, 95, 349). 

For the oxidation of thiohsubstituted acids to the corresponding 
disulphides ferric chloride has been successfully used (Claessen, 
Ber., 1883, 14, 410). 

The formation of disulphides from thiophenols proceeds very 
readily. An alcohoKc solution of thiophenol containing aqueous 
ammonia deposits diphenyl disulphide on spontaneous evaporation. 
Homologues of diphenyl disulphide and some of its nitro- and 
hydroxy-substituted derivatives have been prepared similarly from 
the corresponding thiophenols (Leuckart, J. pr. Chem., 1890, [ii], 
41, 179). Other methods of preparation include the oxidation of 
the thiophenol with ferricyanide (Leuckart, loc. cit.), dilute nitric 
acid (Otto, Annalen, 1867, 143, 213), or ferric chloride. 

Preparation of Di-^-tolyl Disulphide. — solution of 12*5 g. of thio-^^-cresol 
in 50 c.c. of acetic acid is heated for a short time with an excess of 40% ferric 
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chloride solution (50 g.). The disulphide which Roparatos is washed sxiocoss- 
ively with hydrochloric acid and water, dried on a iilo, and recrystal lised 
(Zincke and Frohneberg, Bcr,, 1910, 43, 840). 

The vigorous oxidation of mercaptans leads to t!ie formation 
of snlphonio acids. Heating with concentrated nitric acid ig the 
method usually employed for the alkyl mcrcaj^tans (Lowig and 
Weidmann, Pogg. Annalen, 1840, 49, 320 ; Kopp, A'muden, 1840, 
35, 343; Noller and Gordon, J. A^mr. Chum. Soc., 1933, 55, 1093). 
Autenrieth (Annalen, 1890, 259, 3G3) claims tliat the oxidation of 
ethyl mercaptan by means of permanganate gives a better yield 
of the sulphonic acid. It should be noted, however, that benzyl 
mercaptan gives benzoic acid on oxidation. 

In the aromatic series the use of nitric acid is often attended by 
the formation of other products. Zincke and Frohneberg {Bar., 
1910, 43, 857) have described a simple method of conveu-ting tlie 
thiophenol into the corresponding sulphonyl c^doridc or bromide 
by the action of chlorine or bromine. 

Pre'paration of ^-Toluene sulphonyl hroynhie from TJdo-'p-orcsol.—A solution 
of 3 g. of thio-p-cresol in 5 times its weight of acetic acid is tn'atod gradually 
with 6 g. of bromine. When tho reaction is conix^loto, th(> soh’ci i (. is cva,])oratcd, 
leaving the crystalline bromide stained by bromine. I(- is on. a tilo 

and recrystallised from light petroleum, m. p. 93 — 94 '-^ (Ziucko and hVohnoborg, 
loc. cit.). 

The alkyl mercaptans react with the carbonyl gi’oiip of aldehydes 
and ketones to give compounds which arc the thio analogues of 
the acetals, and which are designated mcrcaptals. Tlioy differ 
from the acetals in being scarcely attacked by acids. Tliey arc 
very stable compounds, alkalis having practically no ac;tion on tlieni, 
while oxidation usually converts them into disui])lioucs. 

The condensation between the carbonyl 0 ()nij)ound and the 
mercaptan is generally effected by the action of zinc chloride or 
fuming hydrochloric acid on a mixture of tho reactantH. It can 
also be brought about by passing hydrogen chloride into tho mixture 
(Baumann, Ber., 1885, 18, 884; 1886, 19, 2803). 

TMol acids such as thioglycollic acid — HS-C^Ho-OOoH— or thio- 
lactic acid — CH 3 -CH(SH)-C 02 H — ^react with aldcliydes without 
the addition of any catalyst. Thus bcnzaldcdiydo mixed with 
2 mol. props, of thioglycollic acid solidifies after a few minutcH to give 
Ph*CHI(S'CH2*C02H)2. A 40% solution of formaldehyde behaves 
similarly. 


^ (6) Ethers. 

In all ethers, two hydrocarbon residues or substituted radicles 
are joined together by an oxygen atom. They can bo represented 
by the general formula R*0*R', where R and R are alkyl or aryl 
groupings. 

(a) Fission of Ethers , — ^The oxygen link is, in general, indifferent 
to alkalis, ammonia, or amines. Alkali metals also have no action, 
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therefore the aliphatic ethers are very conveniently dried by 
distillation over metallic sodium. This stability is modified, however, 
by the presence of substituents — at least as far as the aryl ethers 
are concerned. This is discussed on p. 112. 

The ethers are, however, more sensitive to acids. Thus acetals — 
which contain the grouping >C( 0 'Alk )2 and are dialkyl ethers of 
the ortho form of aldehydes and ketones — are hydrolysed by dilute 
aqueous acid to yield the corresponding carbonyl compound and the 
alcohol. 

Dialkyl ethers are not appreciably altered by dilute aqueous 
mineral acids. Eission occurs on heating with concentrated acid, 
according to the following scheme, which represents the action of 
concentrated hydriodic acid, the most convenient reagent for the 
purpose : 


R-O-R 4- HI RI + R-OH 

The lower aliphatic ethers dissolve in concentrated sulphuric 
acid with the evolution of heat and the formation of alkyl hydrogen 
sulphate, from which the alcohol may be obtained by diluting with 
water and distilling. By heating the solution of the ether in con- 
centrated sulphuric acid or, better, by reaction of the ether with 
sulphur trioxide, the corresponding dialkyl sulphate is formed 
(P. Claesson, J. pr. Chem., 1879, [ii^ 19, 257 ; compare Blackler, 
Chem, News, 1901, 83, 303). 

+ SO3 Et^SO^ 

The aryl alkyl ethers are more stable towards acids, in that the 
action of concentrated sulphuric or nitric acids leads to substitution 
in the nucleus. Eission results from heating with concentrated 
hydrochloric or hydrobromic acids in sealed tubes at 130 — 140°. 
A more convenient method of using hydrobromic acid is to heat the 
phenyl alkyl ether in glacial acetic acid solution with concentrated 
hydrobromic acid under reflux (Stoermer, Ber., 1908, 41, 323). 
The formation of methyl iodide by heating aryl methyl ethers with 
concentrated hydriodic acid is the basis of the Zeisel method of 
estimating methyl ethers. Ethoxy groups can be estimated 
similarly (Afona^sA., 1886, 6, 989). 

Zeisel Method for the Estimation of MethoxyZ . — Concentrated hydriodic acid 
for use in this estimation should boil constantly at 126° and have d, 1*7. It 
should be free from sulphur and phosphorus compounds. 

A 12% solution of silver nitrate is prepared by diluting a solution of 12 g. 
of silver nitrate in 10 c.c. of water with 90 c.c. of pure alcohol. 

The simplest type of apparatus is that described by Perkin («/., 1903, 83, 
1367) (Pig. 5) . It consists of a distillation flask A with a neck S'' long between the 
side arm and the top of the bulb of the flask. The flask is tilted so that the 
side arm is directed upwards at about 10 — 15° from the horizontal. The 
end of the side arm is joined to a small flask B containing alcoholic silver 
nitrate, which in turn is connected to a second flask C, also containing silver 
nitrate. The first flask is so arranged that the delivery tube from the dis- 
tillation flask is above the surface of the silver nitrate. Connection with the 
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second flask is made through a siphon tube which allows the vapour from the 
first flask to bubble through the liquid. 

Por the estimation, a weighed amount of finely-powdorcd substance (0*15 — 
0*35 g.) is added to lo c.c. of concentrated hydriodic acid in the decomposition 
flask, which is now heated in a glycerin bath at 1 30 — 140° . During the heating, 
a steady current of carbon dioxide (about 3 bubbles every 2 seconds) is passed 
into the decomposition flask. The end of the carbon dioxide delivery tixbe, D, 
is placed at the top of the bulb of the decomposition flask. 

The progress of the decomposition is shown by the density of the turbidity 
or precipitate in the first flask. As the decomposition proceeds, the temperature 
of the glycerin bath may be raised so that the hydriodic acid gently. The 
decomposition is complete when the liquid over the proc;ix)itato in tho first 
flask remains clear. The operation usually takes 1 — 2 hours. ''.I’ho (contents 
of the wash flasks are transferred to a beaker, diluted with water, acidified 
with dilute nitric acid, and gently boiled till most of tho alcohol has distilled 
off. The precipitate of silver iodide is collected, dried, and wnighod. 



A number of different types of apparatus for this estimation liavo been 
described. The original papers should bo consulted for further particulars 
(Hewitt and Moore, J., 1902, 81 , 318; W. M. Curmning, J,SX1.I.y 1022, 41 , 
20; H. Meyer, Monatsh., 1904, 25 , 1213, Stritar, Z. mud. 1003,' 42 ,' 

579.) 

It has been found advantageous to add acetk; anhydiido or acetic acid 
to the hydriodic acid in this estimation (Baoyer and Villig<a’, Bcv.^ 1902, 35, 
1199; Hewitt and Moore, loc. cit.; Boyd and Pitman, J 1905, 87, 1255; 
Finnemore, ibid., 1908, 93, 1516). The addition of phenol instead of acetic 
anhydride has been recommended and can be used with advantage. 

A form of apparatus for the Zeisel estimation of inetlioxyl, which 
has been developed in the Research Laboratories of the University 
of Birmingham, and which is suitable for semi-micro-determinations, 
is represented diagrammatically in Fig. 6. 

It consists essentially of a U-tube {A) of about 16 mm. internal diameter 
and the shorter limb about 16 cm. long. To the other limb is fused a fraction- 
ating column {B), about 18 cm. long, having a small wash flask {(J) containing 
water, fused to the side arm. The wash-flask and the fractionating column are 
closed by corks during the estimation. 

The methyl iodide is collected ia the filter flasks 0, D) eontainini? alcoholic 
Silver nitrate. 

For the estimation 10 — ^15 cm. of hydriodic acid are used and about 20 — 20 
m.g. of substance having a methoxyl content of 30—40%. Correspondingly 
larger amounts are used for lower methoxyl contents. Tho same acid can bo 
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used for three or four successive estimations. The general operations are 
similar to those already described in the preceding account. 

Alkyl aryl ethers can be dealkylated by warming with aluminium 
chloride, and this is an easy method of obtaining the free phenol 
(Hartmann and Gattermann, Ber., 1892, 25, 3531). 

Demethylation of Anisole hy Aluminium Chloride . — ^Anisole (10 g.) and 
powdered anhydrous aluminium chloride (lo g.) are mixed. Heat is evolved 
and a crystalline double compound is formed. It is heated in an open flask 
for 3 hours at 120°, methyl chloride being evolved. After adding water to 
the cooled residue, the phenol separates. 

iisoButyl phenyl ether, o-nitroanisole, phenetole, o-nitrophenetole, and 
guaiaeol are dealkylated in a similar way. 

This process has been modified somewhat by Pfeiffer and Haack 
{Annalen, 1928, 460, 156), who effect demethylation of aryl methyl 



ethers by warming with aluminium bromide in purified benzene. 
According to these authors the probable sequence of reactions is as 
follows : — 

R-OMe R-OMe,AlBr 3 R-O-AlBr, R-OH 

The process has been applied not only to the demethylation of 
aryl alkyl ethers, but also to y?'methoxy acetophenone and other 
methoxy-ketones . 

Dealkylation of phenol ethers can also be achieved hy heating witlx 
aniline or ^-toluidine hydrochlorides (Klemenc, Ber., 1916, 49, 
1371). 

The unsubstituted diaryl ethers are comparatively stable to con- 
centrated hydriodic acid ; diphenyl ether is stated* to be attacked 
by this reagent at 250"’ (Hoffmeister, Ber., 1870, 3, 747). Con- 
centrated sulphuric acid yields sulphonic acids. With concentrated 
nitric acid substitution takes place in the nucleus. It has been 
recorded, however, that di-^;-tolyl ether yields, in addition to the 
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nitrotolyl ethers, appreciable ainoiaits nitro-crcsols formed 
by the fission of the ether (Rcihy, Dnitiim, and Rarrett, 
1927, 71). Splitting of 4-chloro-2-nitro-4'-inethyl(li phenyl ether by 
the action of nitric acid has also been recorded (Pox and E. E. 
Turner, J., 1930, 1118). 

Although ethers are generally stable to alkalis, sodium, or amines, 
there are some exceptions. Negative substituents such as 
-NOg, -COgH, etc., in the nucleus of aryl alkyl ethers render the 
ether more susceptible to hydrolysis by alkalis. Thus while anisole 
is spht into phenol to the extent of about 12% after heating at 
180 — ^200"" with twice its weight of alcoholic potash for 15 hours, 
0 - and ^-nitroanisoles arc slowly hydrolysc<I by heating lender 
reflux with aqueous alcoholic caustic soda. The lission of di- and 
tri-nitroanisoles is effected even more easily })y ac|ueous alkalis. 
Diphenyl ethers with nitro-groups in o- and 7 >])ositions to the ether 
oxygen are split by treatment with piperidin(‘., although diphenyl 
ether itself is indifferent to this reagent (Lo h'evre, Haundors, and 
E. E. Turner, J., 1927, 1168; Eox and Turner, loc. ciL). 

Some of the aryl alkyl ethers are decomposed by sodium at liigh 
temperatures. Thus p-naphthyl ethyl ether heatcnl to 14(P with 
this metal yields p-naphthol as well as ethyl alcohol, na])}ithalcne, 
ethane, and ethylene. Phenetole at 200 — 2()0‘^ yields phenol and 
ethyl alcohol (Schorigin, Ber., 1924, 57, 1627). Benzyl ethers 
appear to behave abnormally, for the action of sodium wire at 100° 
on phenyl benzyl ether gives a 30 — 35% yield of l^enzhydrol 
(PhjgCHOH. Benzyl ethyl ether and naphthyl benzyl ether behave 
similarly (compare Schorigin, Ber., 1925, 58, 2028). 

The dialkyl ethers have been found to imdci'go fission by treatment 
with zinc chloride or ferric chloride and an acjyl chloride with the 
formation of an ester. The reaction is apparently represented by 
the equation 

R-COUl + Et-O-Et R-CO-OEt 4- EtCl 

(Descude, Gompt. rend., 1901, 132, 1129 ; E. Wedekind and Hausser- 
mann, Ber,, 1901, 34, 2081). The scope of the re<action has been ex- 
tended to cyclic ethers such as cineole and epicblorhydrin (Knoeven- 
agel, Annalen, 1914, 402, 133). It has been suggested as a method 
of characterising the simple aliphatic ethers. Underwood, Baril, 
and Toone {J. Amer, Chem. Soc., 1930, 52, 40S7) recommend the 
folLowing method for this purpose. 

Formation of Esters of 3 : 5-DiniLrohenzoiG Acid fro 77 i Aliphatic Ethers . — 
1 C.c. of the ether is added to 0*1 — O-lo g. of finely -powdered anhydrous 
zinc chloride and O-o g. of 3 : 5-dinitrobonzoyl chloride in a test-tubo. The 
mixture is gently heated in an oil-bath so that the ethor gently refluxes , After 
1 hour the product is poured into a small beaker and the tost -tube rinsed out 
with 10 c.c. of 1-5 A'-sodium carbonate solution, and tho washings are added 
to the reaction mixture. After keeping for 5 minutes at room temperature, 
the mixture is filtered and the solid washed with 5 c.c. of 1*5 A'' -sodium car- 
bonate solution and then with two separate amounts of 5 c.c. of water. It 
is drained and then extracted with 10 c.c. of carbon tetrachloride by heating 
with this solvent at its boiling point for about 3 minutes. The hot mixture 
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is filtered and the filtrate evaporated to dr37ness. The product thus obtained 
is the ester of 3 ; 5-dinitrobenzoic acid- It is purified by crystallisation from 
2 — 3 c.e. of carbon tetrachloride. 

(b) Addition Compounds of Ethers. — It has long been known that 
diethyl ether and ^methyl ether are able to combine additively 
with hydrogen chloride (Friedel, Bull. Soc. chim., 1875, [ii], 24, 
166, 241) or with HTICI^^ (NicMes, Gompt. rend., 1864, 48, 537). 
Further examples of such types of compounds have been described 
by McIntosh and his collaborators {J. Amer. Chem. Soc., 1908, 30, 
1097; 1912,34,1273; /., 1904, 85, 919 ; 1905, 87, 784), who have 
prepared additive compounds of the simple dialkyl ethers with 
halogen hydrides. More recently Tschelinzeff and Kosloff (J. Buss. 
Phys. Chem. Soc., 1914, 46, 708) have obtained sulphates of diethyl 
and diamyl ethers which are sohd at comparatively low temperatures. 
Another class of additive compound is formed by the union of ethers 
with metal hahdes such as zinc iodide, antimony tribromide, alumin- 
ium chloride, aluminium bromide, mercuric bromide, magnesium 
chloride, etc. Lists of such compounds and references to the 
original papers are given by Pfeiffer {Organische Molekulverbindungen, 
1922, p. 43). 

The formation of additive compounds is not confined to the di- 
alkyl ethers. Thus cineole forms compounds with ferrocyanio 
acid, cobalticyanic acid, zinc chloride, cadmium iodide, and also 
with phenols and organic acids (Baeyer and ViUiger, Ber., 1902, 
35, 1205; Pickard and Kenyon, J., 1907, 91, 900). Additive 
compounds of alkyl aryl ethers with aluminium chloride, aluminium 
bromide, and antimony tribromide have also been described (Pfeiffer 
and Haack, Annalen, 1928, 460, 156 ; J. W. Walker and A. Spencer, 
J., 1904, 85, 1107; MenschutMn, J. Buss. Phys. Chem. Soc., 1904, 
44, 1113). 

Highly coloured compounds have been isolated from the products 
of the action of nitric acid on some alkyl aryl ethers. It has been 
estabhshed that they are represented by the general structure 

NO, 

The nitrate group may be replaced by others such as perchlorate 
(Kehrmann and Decker, Ber., 1921, 54, 2435, 2429; Decker and 
Solonina, ibid., 1905, 38, 64; 1902, 35, 3217; K. H. Meyer and 
Gottheb-BiUroth, ibid., 1919, 52, 1476). 

(c) Nuclear Substitution in the Aryl Ethers. — ^In general, the 
formation of nitro- and sulphonic derivatives of the alkyl aryl and 
diaryl ethers is brought about by processes similar to those employed 
for the preparation of the corresponding derivatives of the aromatic 
hydrocarbons. Bromination and chlorination take place fairly 
readily; one or two atoms of halogen can be introduced without 
the aid of a catalyst. If, however, a halogen carrier is present, 
such as aluminium bromide, all the hydrogens of the nucleus may 

I 
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be substituted readily. The forinatiou of halogen-substituted 
derivatives can also be brought about l)y heating the alkyl aryl 
ether -with the appropriate phosphorus piuitahalidc (Axitenrieth and 
Muhlinghaus, Ber., 1906, 39, 4100). 

These ethers also couple with suitable diazo- compounds to 
furnish azo- compounds. This reaction is best carried out in acetic 
acid solution, using a reactive diazo-comx:>ound such as those derived 
by the diazotisation of the mono-, di-, or tri-nitroanilines (K. H. 
Meyer, Irschick, and Sclilosser, Bar., 1014, 47, 1741). It is note- 
worthy that some ethers, such as jjlienyl a-nax’xhthyl ether, suffer 
a partial fission during this reaction. 


(7) Thioethers. 

R 

Although the thioethers, resemble the oxygen ethers 

in type, their reactions differ in many respects. The most out- 
standing differences are the formation of sulx)hones and sul|)hoxides 
by oxidation and of sulplionium salts by the addition of alkyl 
halides. 

The reaction of dialkyl sulphides with alkyl halides takes place 
when the necessary components are heated together or Jccjjt at 
room temperature for some time. The sulplionium salt separates 
in a crystalline state (v. Ofele, Annalen, 1864, 132, 82; Cahours, 
ibid,j 1865, 13S, 355). 

R' R\ 

^,>S + RI ^ 

The sulphonium halides thus fox'med are salts wliich dissolve in 
water to give a neutral reaction and resemble tlio quaternary 
ammonium salts in their reactions. By treatment with moist 
silver oxide, they are converted into the sulphonium hydroxides; 
strongly alkaline substances, which take up carbon dioxide from 
the ait and which yield sulphonium salts by neutralisation with 
acids. 

Diaryl sulphides or alkyl aryl sulphides apparently do not react 
with alkyl halides. Sulphonium salts can, liow'eve'r, be obtained 
from them by heating with dimethyl sulpliate at 100° (Kehrmann and 
Duttenhofer, Ber., 1906, 39, 3559; 1905, 38, 4197 ; Kehrmann and 
Sava, ibid., 1912, 45, 2895). 

Oxidation of the sulphides occurs in two stages. Eirst a sulphoxide 
is formed, R 2 SO, which yields the sulphone by further oxidation. 
The preparation of the sulphoxide can usually bo effected by the 
action of nitric acid or regulated oxidation with hydrogen jicroxide 
in acetic acid or acetone. An alternative method of less general 
appheation consists in the hydrolysis of the corresponding dibromide 
or dichloride of the sulphide (p. 123). 
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JPrepaTcution of Diisoo/ynyl Sulphoxide, — (1). JDiisoeLinyl sulpliido is added 
to twice its weight of red fuming nitric acid. The solution is afterwards 
shaken with an excess of sodium carbonate solution. The sulphoxide is 
precipitated and solidifies on cooling. It is purified by draining on porous 
earthenware and then crystallising from light petroleum, m. p. 35° (Beckmann, 
J. pr. Chem., 1878, [ii], 17, 441). 

(2) Biisoamyl sulphide (5 g.) in acetone solution is mixed with a slight excess 
of 30% hydrogen peroxide. After keeping for 24 hom’s, the solvent is evapor- 
ated and the residue crystallised from light petroleum — ^yield 3 g. (Gazdar and 
Smiles, J., 1908, 93, 1834). 

Preparation of Diethyl Sulphoxide . — A 30% solution of hydrogen peroxide 
(5 g.) is added slowly to a mixture of diethyl sulphide (4*5 g.) and an equal 
weight of acetic acid, which is cooled in a freezing mixture. After keeping 
for some time, the solvent is evaporated off under reduced pressure and the 
residue distilled. The sulphoxide is collected at 88 — 89° /15 mm. and solidifies 
when cooled in a freezing mixture, m. p. 4 — 6°. 

Some of the corresponding sulphone is also formed. A better yield of this 
is obtained by increasing the proportion of the oxidising agent. 

Preparation of Diethyl Sulphone. — ^A 30% solution of hydrogen peroxide 
(6 g.) is slowly added to a cooled mixture of diethyl sulphide (4*5 g.) and acetic 
acid (4*5 g.). After several weeks the solvent and the sulphoxide are removed 
by distillation under reduced pressure, leaving a residue of the sulphone, 
m. p. 73—74° (Pummerer, Per., 1910, 43, 1407). 

Preparation of Diphenyl Sulphoxide. — ^Biphenyl sulphide is mixed with 1 
mol. prop, of 30% hydrogen peroxide and sufficient acetic acid to give a homo- 
geneous solution. After keeping at room temperature for 4 days, the solution 
is poured into water and the sulphoxide taken up in chloroform . After washing 
and drying the chloroform solution, the solvent is evaporated, leaving the 
sulphoxide, m. p. 70 — 71° (Hinsberg, Ber., 1910, 43, 289). 

Preparation of Diphenyl Sulphone . — ^Biphenyl sulphide is mixed in acetic 
acid solution with mol. props, of 30% hydrogen peroxide. The separation 
of crystals of the sulphone commences after keeping for several days. It is 
then precipitated by the addition of water, filtered off, and crystallised from 
alcohol, m. p. 128° (Hinsberg, loc. oit.). 

Preparation of Thionyldiglycollio Acid, S0(CHs*C02H)2. — ^A solution of 
thiodiglycollic acid in an excess of aqueous hydrogen peroxide is kept at room 
temperature for 48 hours, when the excess of water is evaporated. The syrupy 
residue kept in a vacuum desiccator gradually fiunishes crystals of thionyl- 
diglycollic acid, m. p. 79 — 80° (Gazdar and Smiles, loc. cit.). 

Preparation of Sulphonal, (CH3)2C(S02Et). — ^Acetone diethyl mercaptal, 
(CH 3 )oC(SEt) 2 , is shaken with a 5% aqueous solution of permanganate an(l 
a few drops of acetic or sulphuric acid are added from time to timo. When 
there is no further reduction of the permanganate, the solution is heated to 
boiling, the excess of oxidising agent destroyed by the addition of alcohol and 
then filtered hot. On evaporating the filtrate to half its bulk, sulphonal 
separates out, m. p. 125° (Baumann, Ber., 1886, 19, 2808). 

Preparation of Sulphones from 2 : it-Dinitrophenyl Thioethers. — A 3% aqueous 
solution of permanganate (in 50% excess of theoretical) is added to a saturatecl 
solution of 0*01 g.-mol. of the thio other in glacial acetic acid. When all the 
oxidising agent has been added, the excess is decolorised by passing sulphur 
dioxide. The sulphone is precipitated by the addition of ice. It is rocrystal- 
lised from absolute alcohol (Bost, J. O. Turner, and IN^orton, J. Amer. ahG?n. 
SoG., 1932, 54, 1986). 

Permanganate is fairly widely used for the oxidation of sulphides 
to sulphones, and for this purpose it is advantageous to use acetic 
acid as a solvent for the sulphide (Otto, Ber., 1880, 13, 1272; 
Beckmann, loc. cit.). 

The addition of chlorine, bromine, or iodine to the sulphur atom 
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Table Y, 







o 

6 

(D 

6 





. 

a 

.4^ 

ca 



t 

c5 




-i-a 

t) 

u 

1 

f-t 

o 

o 

ft 

o 

1 

s 

1 

1 

N 

e! 







s 

•S 

•?2 

PQ 


B. p. 

M. p. 

B.p. 

B. p. 

B.p. 

B. p. 

B. p. 

B. p. 

B. p. 

Methyl alcohol 

65° 

— 

57° 

32° 

80° 

102° 

03° 

116° 

3 09° 

Ethyl alcohol 

78 

— 

77 

54 

99 

116 

110 

134 


^soPropyl alcohol . 

82 

— 

91 

70 

110 

128 

120 

142 

219 

<eri.-Butyl alcohol . 

82 

25 

95 

. — . 





yi'Propyl alcohol 

97 

— 

101 

81 

TOO 

342 

134 

156 

220 

AUyl alcohol . 

97 

— 

103 

— 

124 

142 



230 

^ec.-Biityl alcohol . 

100 

— 

112 

— 

132 



3 63 

234 

■woButyl alcohol 

108 



116 

99 

137 

157 

147 

168 

234 

tert.- Amjl alcohol . 

102 

— 









a-Ethylpropyl alcohol 

112 

— 









■ ■■■ 



^z-Butyl alcohol 

117 

— 

125 

107 

145 

165 



_ 

247 

Glycol monomethyl ether 

125 

— 

145 







254 

J3-Methylbutyl alcohol 

128 

— 

141 










jS-Chloroethyl alcohol 

130 

— 

145 









254 

260 

y-Methylbutyl alcohol . 
(S-Hethylbutyl alcohol . 

130 

131 

— 

139 

159 

124 

ICO 

170 

109 

188 

Glycol monoethyl ether . 

134 

— 

158 

■ — 








n-Amyl alcohol 

138 

— 

148 










/S-Bromoethyl alcohol 

148 

— 

163 








280 

^^^-Trichloroethyl alcohol 

150 

18 

170 







, 


^i-Hexyl alcohol 

157 

— 

169 

154 

208 

205 

__ 



272 

cycZoHexanol , 

2- KethyIcyc^ohexanoI 

3- Methylcydohexanol 

4- Hethylcj/dohexanol 
Pinacone 

160 

165 

172 

174 

172 

35 

176 

182 

185 

188 

162 

173 

176 

177 

193 

203 

206 

207 

212 

221 

224 

225 

204 

212 

215 

216 

233 
231 

234 

235 

192/61 

200/55 

[66] 

Capryl alcohol 

180 



193 

180 






Propylene glycol . 

188 



186 







240 

Octyl alcohol 

196 

— 

210 

108 

226 




Ethylene glycol 

Linalool 

197 

197 

— 

186 



— 


z 

[73] 

Benzyl alcohol . ! 

Z-Menthol 

205 

212 

42 

216 

227 

215 

219 

118/ 

238 

326/ 

228 

116/ 

136/25 

125/ 

[21] 

[54] 

a-Terpineol . 

212 




15 mm. 

13 mm. 

12 mm. 

10 mm. 

Trimethylene glycol ! 

Phenyl ethyl alcohol 

216 

219 

— 

209 

232 

— 


— 

-- 


[54] 

Citronellol 

222 







— 


Glycerol . [ j 

Cinnamyl alcohol 

Cetyl alcohol . [ 

Biphenyl carbinol ! 

Myrioyl alcohol . 

290 ■ 

250 

298 

[180/° 
20 mm.] 
33 

48 

68 

88 

m 

m] 

[73] 

[119] 

[171] 

syrup 

— 

250 

— 

[54] 

— 

[76] 

[30] 

Triphenyl carbinol 

Mannitol . [ 

Bnlcitol 

Sorbitol (anhydrous) ! 


163 

166 

188 

circa. 

— 

— 

— 

— 

— 

[70] 

[140] 

[147] 

Borne ol 

Inositol . ‘ ; 

— 

110 

209 

225 

[215] 

— 


— 

— 

— 

[26] 


giTC the m. p!°"* ®- P' indicate that the substaace is solid. The figures within the brack& 

Conversely, in a colunm headed K, p. the figures within the brackets give the b. p. oJ a iiguid. 



THIOETHEES 


117 


Alcohols. 


I cj 

lg 
^ s 

M. p. 

o 

M . 

p§ 

•• o 

eo^ 

M. p. 

^ 1 

Ph ^ 
M. p. 

§6 

!?S 

e P 

M. p. 

eS 

II 

M.p. 

kp 

M.p. 

|i 

o S '=3 
0.2 

& 

P c*o 
M. p. 


96 

109 

47 

124 

179 

127 

167 


57 

93 

52 

79 

129 

119 

148 


110 

122 

90 

78 

116 

138 

141 


— 

143 

— 

— 

— 

— 




35 

73 

5S 

105 

115 

129 

116 


— 

50 

— 

— 

— 

— 

160 


— 

75 

— 

97 

75 

— 

— 


— 

87 

80 

104 

80 

— 

121 


— 

IIS 

— 

— 

— 

— 

99 


— 

— 

— 

— 


— 




— 

63 

oil 

71 

96 

109 

123 


— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 


— 

— 

— 










— 

61 

55 

67 

98 

— 

89 


, — 

— 

— 

— 

— 

— 

— 


— 


— 

— 

— 

— 




— 

— 

— 

— 

— 

— 

— 


— 

— 

— 










— 

61 

— 

59 1 

103 

— 

89 


— 

113 

82 

— 

— 

[ 166 

117 


— 

— 

— 

— 

— 

— 

. — 


— 

— 

— 

— 

— 

— 

— 





— 









— 

— 

— 

— - 

— 

— 

— 

Puming HBr — > Tetramethylethylene di- 
bromides. Dist. \vith I — butadiene. 

— 

32 

114 

63 

oU 

— 

51 


— — 

— “ 

— 

■— 

— 


— 


— 

61 

— 

— 

— 

— 

86 


— 

— 

157 

176 

136 

— 

— 


— 

— 

64° 

— 

— 

— 

— 


316 







1 






61 

151 

112 ° 

; — 

_ 

— 

— 

Gentle oxidation with CrOg — »• menthone. 

— 

— 

110 ° 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 






i 










— 

— 

— 

— 

— 

— 

— 

E,ose-like odour. 

192 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 

















— 

— 

— 

— 

— 

__ 

— 

Intense brown coloration with H 2 SO 4 . 

— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 


137 







■ 













Evaporation with dil. on 'water-bath, 

solution of dry residue in water and addition 
of little Sr acetate — > violet coloration. 


(a) Morgan and Pettet, J., 1931, 1125. . . , , 

(5) Sluiner and Cox, J. Amer. Chem. Soe., 1931, 53, 1601; for other derivatives, see Nicolet and 
Sacks, ibid.-, 1925, 47, 2343. 
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REACTIONS OF ORGANIC COMPOUNDS 


a 


§ 


a P. 


3 

l-a 

o ^ 

o 'O 






•a e . 
ft 


a 

2^- 

lA 

a 

ft r-‘ 

O* ® 

£ 

s 

£ .S'" 

-.M "R 

£^. 

2--£ . 

-Sp;^ 

ID 

! 

o 

OtH 
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ft 

o 

O CO 
NIC 
PrH 

ether 
. p. 13; 
iizoate 

j-T 

O 

-»j 

a 

cT 

-u 

oS 

o 

ts: 

a 

M CO CJ 

OrH 

o ft 

^ Cl 

®'''u “ ^ 


^ d 

>s '-* 

C . 

"o ^ 

•sS^ 

* 

o 



^ 

3 

cu 

1 

■U9 

Sr^ 

|s 

s _■ 

^ (p 

■a (j* 
P, > 

ip 

•§P 

•Sg*? 

PM rL-M 

R Csl Is O 

ft^Ti 
oj'S.t: eS 

rR Q R • 1-1 

2 gq 

il 

"Sg 

^ fl d' 

.2 So 9 

« ft 


S-Pi 

‘fi 


gs 

.ng 

ft ?= 

O 



a 

CO 

4 CO 


CO 

4 CO 


W a 


•Qpiiomo 
0III8 j Xtq.TM. 
juoioo 

Blue 

Green (ale.) 

Olive green 
(ale.) 

Blue 

Blue 

Green (ale.) 

Blue 

Violet 

•piOB ^ 
01(^901? . 

-i^xop^iy W 

141“ 

108 

102 

150 

112 

145 

151 

lie 

108 

135 

155 

99 

•aAl^^-BATIOp p: 
ljinoi[dtns , 
-9TI0IIIOX-^ W 

_ 

50“ 

85 

55 

85 

69 

95 

81 

•9AT'^'BATI0p 
liCnoiidins . 
-anaznag 

i |l 1 1 I 1 1 M 1 i « 3 1 1^ 1 i S |S 

•eAi^RATiap ft 
I^oziiaa M 

213° 

54 

69 
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39 

71 

57 

i 

8C 

102 

71 

86 

69 

97 

59 

•9W80V 2 

og.oa ,o , ^ a iM§i »o e»ft|00 ,oo lo a 

SS m^ \ '^ o3 thSo CO Sfl c:: cm os -t^co 

2. 2i fti 2i ® ' £i £i Hi £i 

‘"co ““m ‘^cq 1— 1 I_i 

d 

P 

194° 

190 
202 

214 

237 

244 

254 

261 

222 

175 

211 

214 

191 

205 

236 

200 

217 

181 

209 

ft 

( It lO It 1 IOI>0050 0J CO-SfOOMCOCO-H 

1 11 1 11 1 oqcqcoco cocococO'Th-tf't^Tii 


. ■ ^ • i 


Is 

3^ 


2S 

i§ 

mO 


S ' 


is 

M fcc 
® PS 

PsS 


>> ^ 


& 

p 


m2 

Wo 


PS 

>5 

w 


•S O 


'o 

« 

03 

'o 

CO . 

03 

2 ft 


ftj 

2 o 

2 

1-4 

o 

ft.-. 

oM 

!S ft 

03 O 


.ss 

R 

o 

w 

6 o 

K eo 

■ft s 
!^o 

S.2 

o 

ft 

03 

.ft 

':^.g 

£ 

CO e», 

CO ^ 

ftl 

cq o 
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Table Yl~coniinucd, 

Phenols, 


REACTIONS OF ORGANIC COMPOUNGH 


•apnoiqo o 
omaiq-^pi ^ | 
moioo ^ 


I I I I l§ M I I M I 


■ 3 AI}B.ipp i ^ 
lAnotidiRS. . 00 1 1 1 cac5 

- 0 Ti 9 nioj;-£i 

d o I , , 0005 , 

lAnoqdTns . o | [ | rnoo | 


1 1 ig 1 1 1 1 II 


; *3At^‘BATI8p 

f-iozTiaa U 


I 05 05 00 00 COO 
COtJ >05 05 0 0 
* rH jH r-l r-f tH tH 


3t-<O0'^®O0 05CO COO <3500 OOO U3<33C0000 05tHO 
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sill 
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P C3,QQ 
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rC O C5 •- 
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White turbidity with FeCh changing through red to violet with the formation of a violet put 
m a column headed B. p. indicate that the substance is solid. The figures witliiu the brackets 'e 
C onversely, in a column headed M. p. the figures within the brackets give the b. p. of a liquid 
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HH 

> 





(а) Wortheim, J. Amer. Cliem. Soo., 1929, 51, 3662. 

(б) Best, Tumor, and Norton, ihid., 1932, 54, 1986. 
[ ] indicate that tho diaulphide is liquid. 

The figures within tho brackets give the b. p. 
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EEACTIONS OF ORGANIC COMPOUNDS 


Table VIII. 
Ethers. 



B. p. 

M. p. 

d. 


Biethyl ether 
:Methvlal . 

35“ 

42 


0-7199i? 

0-8721^ 

Hydrolysed by dil. acid 

BiSivI .‘)-prr)T'vlo‘^CT . 

63 

— 

0-7400?/*" 


BJ/rir-rroyl vrtor . 

69 

— 

0‘7247g^ 


ether 

S7 

— 

— 

jj j> ti 11 

Di-n-propyl ether . 

91 

— 

0-74433» 


Acet-al .... 

102 

— 

— 

11 JJ JJ JJ 

Bifsobutyl ether . 

122 

— 

0-762'“ 


Paraldehyde 

124 

— 

— 

JJ JJ J3 11 

Di-n-hntyl ether . 

141 

— 

0-7685?i> 

Nitration to mono-, di-, and tri-nitro- 

Anisole 

154 

— 

0-990r 




derivatives 

pffraPropionaldehyde . 

170 

— 

— 

Hydrolysed by dil. acid 

Phenetole . 

170 

— 

0*970}g 

Nitration to mono-, di-, and tri-nitro- 



derivatives 

Methyl o-tolyl ether 

171 

— 

0-98513 


Dii^oamyl ether . 

172 

— 

0-781ig 

Trinitro-clcrivative, m. p. 91°. An. 

Methyl m-toljd ether . 

177 

— 

0‘985| 




KMnOi wi-niethoxybcnzoic 

acid 

Dinitro-derivative, m. p. 122°. CrOg 

Methyl p-tolyl ether 

175 

— 

0-9841 

and H 2 SO 4 — anisic acid 

Ethyl benzyl ether 

188 

— 

— 

-\lly] phenyl ether 
Benzaldehyde dimcth\ 1 - 

192 


0-9S51-J 

Geranium-like odour 

acetal 

Benzaldehyde diethyl- 

198 

222 

— 


Hydrolysed by dil. acid 

acetal 

— 

— 


/aoAmy] phenyl ether . 

225 

— 

0*920i2 


Diphenyl ether 

252 

27 

— 

4-Nitrodiphonyl ether, m. p. Gl°. 





4 : 4'-Dmitrodii)hcnyl ether, m. p. 
141° 

Methyl a-TiaDhthyl ■?fhv7 

269 

— 

1-0961* 

Bed picrate 

Ethyl i::]:er . 

276 

5 

l-0641g 

Excess HNO 3 at 0° -> 2:4: 5-trini- 

Methyl ^-naphthyl ether 



tro-, m. p. 150° 

274 

72 

— 

Orange-blossom odour. Bcgi dated 

Ethyl ^-naphthyl ether . 




nitration — l-uitro-clerivativc., 
m. p. 128° 

282 

37 

— 

Odour similar to Me ether. Begul- 





ated nitration — l-nitro-doriv- 

i5^-DinaphthyI ether 




ative, m. p. 103°, with some 6 -nitro- 
and S-nitro-cthyl-a-naphtliyl ether 

— 

105 

— 

Orange-red picrate, 111 . p. 122 " 

aa-Dinaphthyi ether 

— 

no 



Dibenzyl ether 

295 





Metaldehyde 

— 

— 



Sublimes on heating 

Metapropionaldehyde . 

— 

— 

— 

Sublimes about 100 ° 

Trioxymethylene . 




Sublimes on heating 


Por tlM identification of alipliatic etheis by reaction with 3 : 5-dinitrobenzoyl chloride 
see p. 112. * 
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Table IX. 
Sulphides. 



B.p. 

M. p. 

d. 

Siilph- 

oxide- 

M.p. 

Sul- 

phone. 

M. p. 


Dimethyl sulphide , 

37“ 



0*8702 


109“ 


Diethyl sulphide . 

92 

— 

0‘837f 

syrup 

70 


Di-n-propyl sulphide 

142 

— 

— 

15“ 

29 


Di-n-hutyl sulphide 

182 

— 

— 

32 

43 


Methyl phenyl sulphide . 

188 

— 

— 

— 

88 


Ethyl phenyl sulphide . 

204 

— 

1*0241-^ 

— 

41 


Diphenyl siilphide . 

295 

— 

l*127i 

70 

124 

Odourless. 

Dibenzyl sulphide . 

— 

ir 

— 

133 

151 


Di- 37 -tolyl sulphide . 

— 

' 56 

— 

92 

158 


Di-aa-naphthyl sulphide , 

— 

no 

— 

166 

187 


Di-jSjS-naphthyl sulphide . 


151 

■ 


177 


of tMoethers occurs more or less readily. In general, these additive 
compouhds, which are of the type R 2 S'Br 2 , tend to lose the halogen. 
With water, many of the dichlorides and dibromides yield sulphox- 
ides; the hydrolysis takes place, however, more conveniently with 
dilute alkali. 

RgSBrj -I- H 2 O RgSO + 2B:Br 

The stability of the dibromides appears to be determined, to some 
extent, by the groups attached to the sulphur. Thus the sulphides 
with a methyl or methylene adjacent to the sulphur form halogen 
additive compounds fairly readily (Fromm and Raiziss, Anmlen, 
1910, 374, 90), while diphenyl sulphide, by addition of bromine in 
carbon tetrachloride at — 10°, forms a dibromide which is converted 
into 4-bromodiphenyl sulphide at room temperature. Diphenyl 
sulphide dichloride is converted into the corresponding sulphone 
by exposure to moist air (Fries and Vogt, Anmlen, 1911, 381, 341 ; 
compare Zincke and Frolmeberg, Ber., 1909, 42, 2723; 1910, 43, 
843). A very large number of additive compounds of the thioethers 
with metal salts are known. A full hst of such compounds and 
references to the original hterature are given by Pfeiffer {Organische 
MolekiilverbinduTigen, 1922, pp. 125 — 130). 
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(1) General Reactions. 

(a) Additive Reactions. 

Aldehydes and ketones can be represented by the general formula 
R*CO*R;'. In the ketones both R and R' represent hydrocarbon 
residues, in the aldehydes R' = H. Since both classes of compound 
have a carbonyl group, it is clear that they wiU have many reactions 
in common. 

Although many of the reactions of the carbonyl group may be 
considered to be dependent on the formation of addition compounds, 
it is proposed in this section to restrict the discussion to those which 
can be represented as formed by the direct union of the carbonyl 
group with molecules of the reagent employed. Reactions other 
than these are considered later. 

1. Addition of Bisulphite . — ^The carbonyl group can combine 
with bisulphites to give salts of the sulphurous esters of a-hydxoxy 
alcohols according to the scheme : — 

J:>CO + NaHSOg >• ]|b>C<oioaNa 

These substances are in general crystalline solids, sparingly 
soluble in bisulphite solutions, and which separate out in a solid 
state by the addition of an excess of bisulphite solution to a suitable 
carbonyl compound. Their formation supplies a convenient method 
of separating carbonyl compounds from mixtures with other sub- 
stances, and it has the further advantage that the aldehyde or ketone 
can readily be liberated from the bisulphite compound by distillation 
with aqueous sodium carbonate or dilute acid. 

Most aldehydes form bisulphite compounds, although there are 
exceptions, such as phenyldimethylacetaldehyde, diphenylethyl- 
acetaldehyde (Tiffeneau and Dorlencourt, Compt. rend., 1906, 143, 
1242), and the aldehydes derived from thymol and carvacrol (Kobek, 
Ber., 1883, 16, 2097 ; Nordmann, ibid., 1884, 17, 2634). The ease 
of formation of bisulphite compounds from ketones depends on the 
configuration. Ketones of the type CHg-CO-R, where R is a primary 
alkyl grouping, react comparatively readily, but where R is a 
secondary or tertiary alkyl group there is some resistance to the 
addition. Aliphatic ketones of the type R*CO’R', R and R' being 
ethyl or higher alkyl groups, do not readily combine with bisulphite. 
Turther, aromatic and mixed aromatic aliphatic ketones show no 
tendency to yield bisulphite compounds. On the other hand, 
cyclohexanone and similar cyclic ketones readily form additive com- 
pounds with bisulphite (compare Petrenko-ICritschenko, AnTialen, 
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1905, 341, 163; A. W. Stewart, 1905, 87, 186). The reaction 
of nnsatoated ketones with bisulphite has already been referred 

Addition of Hydrogen Cyanide.— Tiie reaction of the carbonyl 
group with hydrogen cyanide results in the formation of an a-hydroxy 
nitrile according to the scheme 

>CO + HCN— > >C(OH)CN. 

This reaction appears to be a reversible one, the position of equili- 
brium being largely in favour of cyanohydrin formation. Other 
factors influencing the addition are the configuration of the car- 
bonyl compound and the nature of the solvents, water having 
apparently a dissociating effect on cyanohydrins (W. J. Jones, 
J 1914, 105, 1560; Ultee, Bee. trav. chim., 1909, 28, 1, 248, 257; 
L^worth andManske, 1928, 2533; 1930, 1976). 

The preparation of cyanohydrins may be brought about quite 
simply by mixing the aldehyde or ketone with anhydrous hydrogen 
cyanide. A more satisfactory and more generally applicable 
process, however, based on the theoretical considerations of Lapworth 
(J., 1903, 83, 1000), has been developed by Ultte (loc. cit.). The 
carbonyl compound is mixed with 10 — 20% excess of anhydrous 
hydrogen cyanide, and a trace of potassium cyanide or of an alkaline 
solution added. The mixture becomes warm and, after cooling, 
the catalyst is neutralised with the necessary amount of sulphuric 
acid. The excess of hydrogen cyanide is removed on the water- 
bath and the cyanohydrin distilled under reduced pressure. 

Convenient methods for the preparation of cyanohydrins which 
obviate the necessity of using anhydrous hydrogen cyanide have 
been described. Bucherer and Grolee (Rer., 1906, 39, 1224) add 
the requisite amount of an aqueous solution of potassium cyanide 
to a stirred and cooled suspension of the bisulphite compound. 

X The cyanohydrin is isolated by extraction with ether when the re- 
Wtion is complete.-' A somewhat similar process is described by 
Albert (Rer., 1916, 49, 1382). 

Welch and Clemo have recently described a simple method of 
preparing acetone cyanohydrin (/., 1928, 2629). 

Preparation of Acetone Cyarwhydrin . — ^Acetone (29 g.) is added to a solution 
of potassium cyanide (31 g.) ia 100 c.c. of water and the solution cooled. To 
th^ solution, which is stirred, are added slowly 167 g. of 30% aqueous sulphuric 
afiid, and the reaction mixture is kept below 20° by the addition of ice. The 
cyanohydm is irolated by three extractions with ether, and the ethereal 
Ration after drying over sodium sulphate is distilled under reduced pressure. 
The acetone cyanohydrin (32 g.) is collected at 8r/15 mm. 

^ Somewhat similar in type to the addition of hydrogen cyanide 
IS the reaction of aldehydes and ketones with ammonium cyanide. 
An amino-nitcile is formed. 

5>C<^ + 
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The reaction has been employed for the preparation of amino-acids 
through the intermediate formation of the amino-nitrile from acetone, 
acetaldehyde, propaldehyde, benzaldehyde, c^/cZohexanone, and 
other cychc ketones (Zelmski and Stadnikoff, Ber,, 1906, 39, 1725; 
1908, 41, 2063). 

Preparation oj Phenylaminoacetic Acid. — Beuzaldehjrde (5 g.) is added to 
potassium cyanide {3 g.) and ammomum chloride (2*5 g.) dissolved in the 
smallest amount of water, and then sufficient methyl alcohol to give a clear 
solution. The solution soon becomes turbid, and after 3 hours at room tem- 
perature the separation of the oil is complete. It is taken up in ether, the 
ethereal solution washed with water, and the solvent then evaporated under 
reduced pressure. The residue is treated with 10% hydrochloric acid and 
any undissolved oil removed by extraction with ether. The aqueous acid 
solution deposits crystals of the hydrochloride of the amino -nitrile. 

Hydrolysis of the nitrile is effected by dissolving the hydrochloride in fuming 
hydrochloric acid, and after keeping overnight, the solution is diluted with an 
equal volume of water and heated to boiling. Phenylaminoacetic acid is 
precipitated by neutralising with dilute ammonia. It is purified by crystal- 
lisation from aqueous formic acid, m. p. 2oo°. 

3. The Addition of Ammonia and Amines is discussed on pp. 133 
and 134. 

(b) Reduction of the Carbonyl Grou^. 

1, Formation of Alcohols, — ^The use of sodium or sodium amalgam 
has been extensively applied for the reduction of ketones to second- 
ary alcohols. 

Reduction of Nonyl Methyl Ketone. — Somewhat more than the theoretical 
amount of sodium (35 g. instead of 28 g.) is added to 100 g. of the ketone in 
200 c.c. of absolute alcohol. It is necessary to cool the mixture at first, but 
later on the reaction must be completed by heating on a steam-bath. The 
product of the reaction is decomposed by the addition of water, the upper 
layer separated, washed with water, and steam distilled. The oil passing 
over into the distillate is removed by ether and distilled under reduced pressure ; 
yield 63 — 76 g., b. p. 120°/ 14 mm. (Thoms and Mannich, Ber., 1903, 36, 
2547). 

This type of reduction has been applied successfully to many 
methyl alkyl ketones (Pickard and Kenyon, J., 1911, 99, 58; 1913, 
103, 1943), to many aryl alkyl ketones (Klages and Allendorff, Ber., 
1898, 31, 1003 ; 1902, 35, 2245), and to cyclic ketones. 

Reduction by sodium in moist ether has given excellent results 
with a number of aliphatic ketones/' 

Reduction of Methyl ix-Butyl Ketone. — Finely- divided sodium * (65 g.) is 
added gradually to a solution of 200 g. of the ketone in 111. of ether to which 
have been added 300 c.c. of water. An efficient stirrer is required for this 
reduction. When the reaction is complete, the ethereal layer is separated, 
dried, and fractionated. The yield of methyl n-hutyl carbinol is almost 
theoretical (Pickard and Kenyon, J., 1914, 106, 848; 1912, 101, 629 ; compare 
J. Wislicenus, Annalen, 1883, 219, 399). 

While sodium is suited for the reduction of ketones it is notv 
uniformly successful with aldehydes. Thus by the action of sodium 
amalgam on faintly acid solutions of butaldebyde and its immediate 
* For preparation see p. 70. 
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homologues only poor yields of the corresponding alcohols result 
(compare Lieben and' Rossi, Annalen, 1871, 159, 70; Lieben and 
Janeck, ibid., 1877, 187, 135; Rossi, ibid., 1865, 133, 180). 

A more successful procedure appears to be that employed for the 
reduction of heptaldehyde by Levene and Taylor (J. Biol. Chem., 
1918, 35, 281). The aldehyde dissolved in a mixture of acetic acid 
and toluene is added to an emulsion of sodium in toluene. A yield 
of 70% of the theoretical is obtained. 

Other methods which have been successfully employed include 
the use of aluminium amalgam (Weizmann and Garrard, J., 1920, 
117, 324) and of zinc dust and acetic acid. 

The reduction of the purely aromatic ketones to the corresponding 
carbinols can be effected smoothly in aqueous alcoholic solution 
using zinc dust and concentrated aqueous alkali or ammonia (A. 
Werner and Grob, Ber., 1904, 37, 2895; R. Meyer and Saul, ibid., 
1893, 26, 1276; Elbs, J. pr. Chem., 1886, [ii], 33, 184). 

The reduction of carbony l comnoundsmav lead not only to the corre- 
sponding alcohol, but alsff'to the production of a glycol or pinacone 
according to the scheme 

2(>C0) + H2 — ^ >C(OH)-(J;(OH). 


The relative proportions of alcohol and glycol formed during 
reduction depend largely on the experimental conditions and also 
on the nature of the carbonyl compound. Thus acetone yields 
an appreciable amount of pinacone, (CH 3 ) 2 C(OH)-C(OH)(CH 3 ) 2 , in 
addition to isopropyl alcohol. The yield of pinacone is increased 
at the expense of the alcohol by substituting aluminium or magnes- 
ium amalgams for sodium^ amalgam. The homologues of acetone 
behave sunilarly. Aliphatic aromatic ketones and aromatic ketones 
yield pinacones by suitable methods of reduction such as zinc and 
very dilute acid or the use of an alkaline solution (compare Boeseken 
and W- D. Cohen, Proc. K. Akad. Wetensch. Amsterdam, 1913, 16, 
91). Similar types can be obtained under suitable conditions by the 
reduction of aldehydes. Benzaldehyde yields a mixture of hydro - 
benzoin and ^sohydrobenzoin on reduction with sodium in alcohol 
or with magnesium amalgam; piperonal behaves similarly (Fittig 
and Remsen, Annalen, 1871, 159, 130; Fittig and Ammann, ibid., 
aliphatic aldehydes do not show the same 
readiness to yield pinacone-hke products on reduction, although 
by selecting the experimental conditions they may be obtained in 
small arnoimt (Meunier, Compt. rend., 1902, 134, 473; Ciusa and 
Milam, AUv R. Accad. Lincei, 1913, [v], 22, ii, 681). 


^ -Pwacone.— -Magnesium turnings (80 g.) and 800 c.c. of 
b^ene, dried by ^stillation, are introduced into a 5-1. flask fitted with an 

^ 90 g. of dry acetoao is added from the dropping funnel, 
reaction has set in, more quiefclyf so that 
Snd^?^ as possible without losing acetone through the 

condenser. As soon as the reaction caused by the addition of the mercuric 
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chloride shows signs of subsiding, a mixture of 200 c.c. of benzene and 200 g. 
of acetone is added. 

The mixture is finally heated in a water-bath for about 2 hours, when no 
further action is evident. By this time the fiask is about three-quarters full 
of the magnesium salt of pinacone, which must be broken up in the flask and 
heated for a period of about 1 hour. 

200 C.c. of water are now added to the contents of the flask, and the resulting 
mixture is heated for about 1 hour on the water-bath, then cooled to about 
50° and filtered. The solid is returned to the flask and extracted with 500 c.c. 
of hot benzene for about 10 minutes to dissolve any remaining pinacone. 
The combined filtrate and extract are distilled to about one-third volume to 
remove acetone, and the remaining benzene solution is treated with 300 c.c. 
of water and cooled to 10 — 15°. Pinacone hydrate separates out and is col- 
lected on a Buchner funnel or centrifuged — ^yield of air-dried product, 325 — 
375 g. It can he purified by crystallisation from an equal weight of boiling 
water (A. E. Holleman, Hec. trav, chim,, 1906, 25, 206; R. Adams and E. W. 
Adams, Organic Syntheses, 1925, 5, 87). 

The reduction of aldehydes and ketones has been accomplished 
comparatively recently by a method which has some noticeable 
advantages over the older processes. Aldehydes are smoothly 
reduced to the corresponding alcohols by treating them in alcoholic 
solution with aluminium ethoxide. Disregarding at present the 
mechanism of the reaction, the effect can be represented by the 
following scheme : — 

R-CHO + R'-CH^OH ^ R-CHg-OH + R'-CHO 
Obviously, if the reduction of the selected aldehyde is to approach 
completion, the experimental conditions should be chosen so that 
an excess of alcohol is used as solvent or that its oxidation product 
should be removed. 

This process can he applied to ketones as well as to aldehydes, 
and has one marked advantage over methods employing the more 
usual reducing agents. It can be applied to unsaturated aldehydes| 
and ketones and to halogen-substituted ketones and aldehydes 
without any reaction other than the reduction of the carbonyl group. 
Thus chloral, bromal, butyl chloral, trichloroacetophenone, and 
sorbic aldehyde are all converted by this method into the corre- 
sponding alcohols smoothly and in good yield. Nitrobenzaldehyde 
yields nitrobenzyl alcohol. Unsatisfactory results are obtained 
when the method is applied to hydroxyaldehydes such as aldol or 
to aminoaldehydes. Phenolic aldehydes are not reduced (Meerwein 
and R. Schmidt, Annalen, 1925, 444, 221 ; Verley, Bull. Soc. chim., 
1925, [iv], 37, 537, 871 ; Ponndorff, Z. angew. Chem., 1926, 39, 138; 
Reichstein, Ammann, and Trivelli, Helv. Chim. Acta, 1932, 15, 261). 

The following descriptions illustrate the experimental conditions 
for this type of reduction. 

Preparation of Furfuryl Alcohol from Furfuraldehyde. — ^Freshly distilled 
furfuraldehyde (150 g.) is dissolved in 350 c.c. of alcohol and 45 g. of fused 
aluminium ethoxide * are added. The mixture becomes cloudy and the slight 
precipitate gradually increases on keeping. The mixture is kept at 25° till 
the furfuraldehyde has disappeared (test with aniline acetate). This requires 


* For the preparation aluminium ethoxides see p. 71. 


e: 
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about 5 days. The solveat is distilled oi¥, the last traces being removed by 
heating in a bath at 120°. The residue is steam -distilled, the distillate 
saturated with potassium carbonate, and extracted wuth ether. After drying, 

the ether is removed by evaporation and the furfuryl alcohol distilled yield 

138 g., b. p. 172—173°. * 

In a similar manner benzyl, anisyl, p-chlorobenzyl, and p-nitrobenzyl and 
cinnamyl alcohols have been prepared from the corresponding aldehydes, the 
yields being all over 80%. 

A modification of this process consists in heating the alcoholic 
solution of the aldehyde in a stream of nitrogen, the conditions 
being arranged so that the acetaldehyde produced in the reaction 
is distilled over. These conditions have been used for the preparation 
of ppr-trichlorobutyl alcohol from butyl chloral, and of tnbromo- 
and triehloro-ethyl alcohols from bromal and chloral, respectively 
(Meerwein and Schmidt, he, cit,), ^ 


Meduction of SotUc ^Aldehyde to Sorbyl Alcohol, — A mixture of crude sorbic 
aldehyde (25 g.), 4 — o g. of aluminium ^‘sopr op oxide, and 50 g. of anhydrous 
isopropyl alcohol is slowly distilled from an oil-bath, the volume in the flask 
bemg kept approximately constant by the continuous addition of further 
amounts of isopropyl alcohol. When no further amount of acetone distils 
over and the thermometer in the vapour stands at about 83°, the contents 
of the flask are concentrated by distillation to about 25 e.c. and then distilled 
in steam. The distillate from the last operation is extracted with ether and 
solution tod and fraotio^ted The yield of sorbyl alcohol. 
CTa-CH-CH-CH.CH-CTp-OH, is about 19 g., b. p. 70—80712 mm. (Reich- 
Stem, Ammann, and Trivelli, loc. ciL). ^ 

Instead of using alcoholic solutions of aluminium alkoxides 
alcohohc solutions of the alkoxyl magnesium chlorides may be 
employed. These substances are obtained by the action of the 
neeessajy amount of alcoholic hydrogen chloride or of alcoholic 
magnesium chloride on magnesium alkoxides, or more simply by 
heatmg ma^emum mth absolute alcohol containing su&nt 
furnish the alkoxyl magnesium chloride, 

Cinrmmaldehyde to Cinnamyl ,4Zcohol.— Ethoxymacno«um 
IS prepared by heating 2 g. of magnesium powder with " I c T 

ti^is*+in ® liydrogen chloride. The heating is con 

tmued till al^l the metal has reacted, magnesium ethoxy chloridf nor-ilTr 

‘^*F°^®u*a'Jdehyde, citronellal 
1925 , 444 , 236 ). ^ (Meerwein and Schmidt, Annalen, 

may be em;^oyed^ °^tead^of^lc^h^^^^^*^i°^^ processes 
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by heating with a sodium alkoxide dissolved in the appropriate 
alcohol (Verley, loc. cit,, p. 871 ; Ponndorff, loc, cit., compare 
Diels and Khodius, Ber., 1909, 42, 1072; Montagne, Rec. tmv. 
chim., 1922, 41, 703). A few ketones may be reduced in toluene 
solution by heating with alcohol-free aluminium alkoxide (Meerwein 
and Schmidt, loc. cit.). 

Preparation of Methyl Nonyl Carhinol . — solution of sodium ^'sopropoxide, 
prepared by dissolving o g. of sodium in 500 g. of dry isopropyl alcohol, is 
heated with 200 g. of methyl nonyl ketone so that a slow distillation takes 
place. After about 5 hours no more acetone distils over. The bulk of the 
fsopropyl alcohol is then distilled oh, the residue in the flask acidified and dis- 
tilled in steam. Methyl nonyl carhinol is obtained from the distillate by ex- 
traction with ether, dried, and fractionated, yield 92% (Verley, loo. cit.). 

Catalytic reduction of the aliphatic aldehydes and ketones to 
the corresponding alcohols has been effected smoothly and in good 
yield by the Sabatier-Senderens process of hydrogenation over 
reduced nickel at temperatures between 100° and 165° (Sabatier 
and Senderens, Gompt. rend., 1903, 137, 301, 1025; Mailhe, Bull. 
Soc. chim., 1914, [iv], 15, 327). Aromatic ketones and mixed ali- 
phatic aromatic ketones are reduced by this inethod at about 200° 
not to alcohols, but to the corresponding hydrocarbons. 

Aldehydes and ketones in the liquid phase are not easily reduced 
by the Paal, Skita, or Willstatter methods of hydrogenation. By 
using specially prepared platinum oxide activated by iron salts as 
catalyst, the reduction of the carbonyl group to carbinol occurs 
readily (Voorhees and Adams, J. Amer. Ckem. Soc., 1922, 44 , 1397; 
Carothers and Adams, ibid., 1923, 45 , 1071; 1924, 46 , 1675; 1925, 
47 , 1047). 

(2) Reductioii of >CO to >CH 2 . — ^Although aromatic ketones 
may be reduced smoothly to diarylmethanes by treatment with 
sodium in hot ethyl or amyl alcohohc solutions (Edages and Allen- 
dorff, Ber., 1898, 31, 998), the method is not generally applicable 
to other types of ketones. For the conversion of aliphatic ketones 
to the corresponding hydrocarbons one general process depends on 
the intermediate formation of a dichloro- compound by the action 
of phosphorus pentachloride on the ketone, and subsequent re- 
duction of the ^'chloro-compound mth hydriodic acid and red 
phosphorus, -.g 

A method d|^ to Clemmensen {Ber., 1913, 46 , 1837 ; 1914, 47 , 
51, 681) results in the reduction of aldehydes and ketones directly 
to the corresponding hydrocarbons. This is done by means of 
amalgamated zmc and hydrochloric acid, and has received a wide 
application. Not only are aliphatic and mixed ahphatic aromatic 
ketones reduced, but phenoKc aldehydes and ketones yield homo- 
logues of phenol; thienyl alkyl ketones yield alkyl thiophenes 
(Steinkopf and Schubart, Annalen, 1921, 424 , 20) ; cyclic ketones 
such as a-hydrindone and oc-ketotetrahydronaphthalene are reduced 
to hydrocarbons (Clemmensen, Ber., 1914, 47 , 681 ; KroUpfeiffer 
and Schafer, ibid., lOgSj 56 , 620) . KetocycZoparaffins containing very 
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large rings are also reduced (Ruzicka, Brugger, Seidel and Schinz, 
Eelv. Chim. Acta, 1928, 11, 502; Ruzicka, Stoll, and Schmz ^b^d p. 
670; Ruzicka, Sehinz, and Seidel, ibid , 192/ 10, 69o, Ruzicka, 
Stoll Huyser, and Boekenoogen, ^bld., 1930, 13, 1152). More 
recently tMs process has been used in the synthesis of alkyl tetra- 
hydro-naplithalenes and -phenanthrenes (Harve;;^ Heilbron, and 
D G Wilkinson, J., 1930, 423; Heilbron and D. G. Wilkinson, 
ibid.,’p. 2537; R. D. Haworth, Letsky, and Mavin, 1932, 

1784* E- D. Haworth and Bolam, ibid., p. 2248). 

The application of the method to other types of keto- compounds 
is not uniformly successful. Thus, while the aroyl fatty acids 
smoothly yield aryl-substituted fatty acids (Borsche, JBct., 1919, 
52, 2077), acetoacetic ester and Isevulic ester give only poor yields 
of the corresponding fatty esters (Steinkopf and Wolfram, Annalen, 

1923, 430, 113). ^ . 

The technique of Clemmensen’s reduction is illustrated by the 

following examples. 


J Freparatiori of Ethylbenzene from Acetophmone . — The amalgamated zinc 
is prepared by covering 400 g. of granulated zinc with 800 c.c. of 5% aqueous 
solution of mercuric chloride. After standing for 1 hour, tho solution is poured 

05 and 100 g. of acetophenone are added to the amalgamated zinc. Sufficient 
diluted hydrochloric acid (1 part cone, hydrochloric acid to 2 parts of water) 
is added to cover the zinc, and the mixture is heated under reflux for about 

6 hours, small amounts of acid being added frequently. Tho upper oily layer 
consists principally of ethylbenzene, and is removed from tho reaction mixture 
by distillation. Yield about 70%. 

This method of reduction has been applied successfully to othyl phonyl 
ketone, propyl phenyl ketone, methyl benzyl ketone, methyl phonylethyl 
ketone, and methyl a-naphthyl ketone. Benzaldehydo under similar con- 
ditions yields toluene in about 40% yield (Clemmonscn, Bcr., 1913, 46 , 1840). 
jj-Chloro-n-butylbenzene has also been prepared by this y)rocess from p- 
chlorobutyrophenone (Morgan and Hickinbottorn, J 1921, 119 , .1887). 

The alkyl ethers of the phenolic ketones can also bo roduccci smoothly by 
this method (T. B. Johnson and Hodge, J. Arner. Chein. Soo., 1913, 35, 1016; 
Majima and Nakamura, Ber., 1913, 46 , 4090). 


Smaller or greater amounts of the corresponding unsaturated 
hydrocarbons are formed in these reductions, an insufficiency of 
the reducing agent favouring the production of the unsaturated 
hydrocarbon. Replacement of aqueous hydrochloric acid by 
alcoholic solutions unfavourably affects the yield of saturated 
hydrocarbon, for the product then contains serious amounts of 
polymerised unsaturated hydrocarbons (Morgan and Hickinbottorn, 
loc. cit . ; Steinkopf and Wolfram, loc. cit.). 


Eeduction of Methyl n-Nonyl Ketone to ix-Undecane . — A mixture of 300 g. 
of amalgamated zinc, 50 g. of methyl n-nonyl ketone, and 300 c.c. of diluted 
hydrochloric acid (equal vols. of cone, acid and water) are heated together 
for 24 hours with the frequent addition of concentrated acid. The coloxirless 
upper layer is separated at the end of the reaction, washed with water, and dried. 
Yield 40 g., b. p, 193—195°. 

Stearone, methyl heptadecyl ketone, and cenanthaldehyde are reduced to 
the eorre^onding hydrocarbons under precisely similar conditions . 

Seduction of 'p-Hydroxyacetophenone to p-Ethylphenol . — ^Amalgamated zinc 
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(100 g.), j^-hydroxyaeetophenone (50 g.), and 500 c,c. of diluted hydrochloric 
acid (1 vol. couc. acid to 2 vols. of water) are heated together under reflux 
till a vigorous evolution of hydrogen commences. The ketone rapidly goes 
into solution, and soon oily drops commence to separate. Small amounts 
of concentrated hydrochloric acid are added at intervals during 1 hour. Steam 
distillation of the reaction product drives over the ethyl phenol which is isol- 
ated from the distillate by saturating with potassium carbonate and extracting 
with ether. Concentration of the dried ethereal extract yields the phenol 
which solidifies on keeping. Yield 22 g., b. p. 217*^, m. p. 45 — 46'^. 

Ketones derived from o-cresol, resorcinol, quinol, catechol, and pyrogallol 
are similarly reduced to alkyl-substituted phenols. 

Preparation of o~Cresol from SaUcylaldehyde . — 150 G, of amalgamated zinc 
and 200 c.c. of concentrated hydi-oehloric acid are warmed together under 
reflux till an evolution of hydrogen commences. Salicylaldehyde is then added 
drop by drop through the condenser, and small amounts of concentrated 
hydrochloric acid are added at intervals. When all the aldehyde (25 g.) has 
been added the mixture is heated under reflux for 1 hour with the occasional 
addition of concentrated hydrochloric acid. The product is isolated by 
distillation in steam, saturating the distillate with salt, and extracting the 
cresol from it by light petroleum. After drying and fractionating, pure 
O'Cresol, b. p. 189°, is obtained — yield 15 g. 

m- and p-Cresols and 2 : 4-dihydroxytoluene have been obtained from the 
corresponding hydroxy aldehydes by a similar process (Clemmensen, Per., 
1914, 47, 51). 

An interesting type of reduction of the >CO group to >CH [2 
consists in heating the semicarbazone or hydrazone of the carbonyl 
compound with sodium ethoxide to about 170 — 180® (Wolff, 
Annalen, 1912, 394, 90). The method has been appKed successfully 
to acetophenone, p-aminoacetophenone, benzophenone, Isevulic acid, 
methyl butyl ketone, and to aldehydes such as anisaldehyde, 
furfural, and vanillin. 

A somewhat similar process has been developed by Staudinger and 
Kupfer {Ber,, 1911, 44, 2206), and consists in heating the aldehyde 
or ketone with an excess of hydrazine at about 200°. 

(c) Reaction of the Carbonyl Gi'oujo with Ammonia and Compounds 
containing the K-NIIg Grouping. 

1. Amines and Ammonia, — ^The primary product of the reaction 
of a primary, amine or ammonia with an aldehyde can be looked 
upon as the addition compound E/*CH(OH)*NHR, which may lose 
the elements of water to give an azomethine or may undergo further 
condensation. 

Only comparatively few amines and aldehydes yield the simple 
addition compound. Formaldehyde is stated to react with methyl- 
amine or ethylamine to give hvdroxyamines of the general formula 
0H2(0H)-NHR (L. Henry, Bull. Acad, roy, Belg,, 1895, [iii], 28, 
3o9). This reaction has an interesting application in syntheses 
(G. M. and R. Robinson, J., 1923, 123, 532). 

Concentrated aqueous ammonia acting on acetaldehyde or dry 
ammonia on an ethereal solution of acetaldehyde yields the well- 
known acetaldehyde ammonia. The analytical figures correspond 
with the formula CH 3 *CH(OH)'NH 2 , but the investigations of 
Delepine {Bull. Soc. chim., 1898, [iii], 19, 15; 1899, [in], 21, 58) and 
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of Asehan and Vaskio (Ber., 1915, 48, 874) indicate that the product 
is more complex. Its molecular weight m water corresponds with 
the formula 3[CH3-CH(0H)-NH3]. The substance loses water over 
sulnhuric acid, but can be rehydrated to the original aldehyde 
ammonia. No general agreement on its structure has yet been 
reached 4 similar type of compound is obtained from chloral. 
Treatment of benzaldehyde with concentrated ammonia forms 

hydrolbenzamide, Pb-CH 

>N 

Ph'CH 

>N 

Ph-CH 


Many other aromatic aldehydes behave in the same way. It appears 
that the formation of this type of compound — at least from benz- 
aldehyde and anisaldehyde— is preceded by the production of an 
unstable additive compound of the general formula (R-CH: 0 ) 2 ,NH 3 
(Francis, Ber., 1909, 42, 2216). , . , 

Although the usual behaviomr of benzaldehyde and its homologues 
with primary aromatic amines is to give azomethines, some nitro- 
benzaldehydes, particularly 2:4: 6-trinitrobenzaldehyde, yield 
additive compounds of the general type R-CHOjNHgR', which 
furnish the corresponding azomethine R-CHINR' on warming alone 
or with acetic acid (Lowy and Balz, J. Amer. Chem. Soc., 1921, 
43, 344). It should be noted that the hydrochloride of the additive 
compound PhNH‘CH(OII)-Ph is formed by the action of benzalde- 
hyde on an aqueous solution of aniline hydrochloride. The sulphite 
is obtained by interaction of aniline with benzaldehyde bisulphite 
(Dimroth and Zoeppritz, Ber., 1902, 35, 988 ; Bucherer and Schwalbe, 
ibid., 1906, 39, 2810). 

The commonest type of reaction between a primary amine and an 
aldehyde results in the formation of an azomethine : — 

R-CHO + HaN-R' — 5- R-CHINR' + H^O 

It had been observed in the case of aniline and benzaldehyde as 
early as 1860 by Laurent and Gerhardt (Annal&n, 1850, 76, 304). 
Later Schiff {ibid., Spl., 1864, 3, 343) found that many aromatic and 
aliphatic aldehydes condensed with aniline in a similar way. The 
formation of Schiff’s bases or azomethines succeeds best with arom- 
atic aldehydes and primary aromatic amines, for the products show 
comparatively httle tendency to polymerise. As many of them are 
crystalline, they are frequently used for the characterisation of 
aldehydes and primary amines. The condensation is effected by 
warm i n g the components together in approximately equimolecular 
proportions, either diluted with a suitable solvent such as alcohol or 
acetic acid or without any diluent (compare Lowy and Downey, 
J. Amer. Ohem. Soc., 1921, 43, 346; Lowy and 0. S. King, ibid., p. 

626). 6> > i- 
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The azomethines derived from the lower aliphatic aldehydes and 
primary aromatic amines are less stable than those from the aromatic 
aldehydes. Thus acetaldehyde and aniline yield, under suitable 
conditions, the compound CH 3 *CHINHPh, which rapidly poly- 
merises. With excess of aniline the compound CH 3 -CH(NHPh )2 
is formed (v. Miller, Plochl, and Eckstein, Ber., 1892, 25, 2030; 
Eibner, ibiL, 1897, 30, 1446 ; Annalen, 1903, 328, 121). 

The tendency for azomethines to polymerise or to undergo other 
reactions is most marked with those derived from formaldehyde. 
With ammonia, formaldehyde yields hexamethylenetetramine, 
(CH 2 )gN 4 , the formation of which has been represented as proceeding 
through the intermediate compound (CH 2 lNH )3 (Duden and Scharff, 
Annalen, 1895, 288, 218). Condensation of formaldehyde with 
aromatic amines results in the formation of Schiff’s bases. These 
are comparatively unstable, polymerising or combining with 
further amounts of the reactants. The reaction of formaldehyde 
with p-toluidine illustrates this condensation. The azomethine, 
CH 2 !N-CgH 4 *CH 3 , readily polymerises to a di- or tri-meric form. 
On the other hand, it may combine with an excess of ^-toluidine to 
give CH 2 (NH*CgH 4 CH 3 ) 2 , which in turn can react with a further 
amount of formaldehyde (Ingold and Piggott, J., 1923, 123, 2745; 
J. G. Miller and E. C. Wagner, J. Amer, Chem. Soc,, 1932, 54, 3698). 
Aniline and formaldehyde give methylene anihne, CHgINPh, which 
readily polymerises to anhydroformaldehyde aniline, (CH 2 lNPh) 3 . 
It can further combine with aniline to yield CH 2 (NHPh) 2 . 

The reaction between ketones and amines takes place much les s 
readily than jggith aldehyde^ Thus benzopHenone “cahnBe heated 
with anifineatlbO'' without any reaction tal^g place. The prepar- 
ation of anils from aromatic ketones and mixed aromatic aliphatic 
ketones requires the presence of a catalyst. Zinc chloride appears 
to be very suitable for this purpose (Reddehen, Annalen, 1912, 388, 
165). 

Preparation of Acetophenone Anisil , — mixture of acetophenone (10 g.) 
and ^o-anisidine (10 g.) is heated to 165°, when 0-5 g. of anisidine zincichloride 
is added. A \dgorous evolution of vapour occurs, and after 20 minutes the 
mixture is cooled, dissolved in chloroform, and filtered. Fractionation of the 
filtrate under reduced pressure yields the pure acetophenone anisil, b. p. 
225°/28 mm., which solidifies on cooling — ^yield 14 g. 

It is possible to obtain the ketimines of the aromatic ketones by 
passing the vapour of the ketone mixed with ammonia over thorium 
oxide at 300—400° (Mignonac, Compt, rend,, 1919, 169, 237). The 
ahphatic ketimines cannot be prepared by this method. 

2. Meaction with Hydrazine and its Derivatives. — Hydrazine 
condenses with the carbonyl group of aldehydes and ketones to give 
hydrazones of the general formula >C!N*NH 2 , which can react with 
a further molecule of the carbonyl compound to give azines, 
>CIN'NIC<. For the preparation of these compounds hydrazine 
hydrate may be used. It is, however, usually more convenient to 
use an aqueous solution of some salt such as the sulphate to which 
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has been added the requisite amount of alkali or alkali carbonate 
or an excess of sodium acetate (compare G. IM* and Ri. RiobinsoUj 
T 1Q18 113 644). 

The substituted hydrazines RNH-NHa and RR'N-NHg (where R 
and R' are alkyl and aryl groups) react similarly to yield hydrazines, 
j. y IL A. z'” " Tvinst, readilv accessible substituted hydrazine, 

and it is extensively used for the recognition aiiu. 
compounds containing the carbonyl group. Phenylhydrazones are 
generally prepared by mixing the aldehyde or ketone with phenyl- 
hydrjCzme, usually diluted with a suitable solvent. With most 
aldehydes' and many ketones the condensation is complete at room 
temperature, but it is usual to complete the reaction by warming 
gently. As solvents, ether and alcohol have been used, but 30 — 
50% acetic acid is most convenient. A large number of other aryl- 
hvarazines have been employed, and many have special advantages 
vdiich recommend their employment. Thus ^-nitrophenylhydrazine 
and 2 : d-dioitrophenylbydrazine yield crystalline hydrazones with 
aliphatic aldehydes and ketones, most of which yield oily products 
with phenylhydrazine. The nitrophenylhydrazines find therefore 
extensive application for the characterisation of such aldehydes and 
ketones. 

Preparation of 2 : 4:~Dinitrophenylhydrazones , — ^The following general 
directions are based on those given by Allen (./. Amer, Chem. Soo., 1930, 52, 
2957) and by Brady (/., 1931, 757). 

The reagent is a saturated solution of 2 : 4-dinitrophenylhydrazine in alcohol 
(about 1% concentration) containing 1% of hydrochloric acid. About 5 o.c. 
of this solution are added to a few drops of a liquid carbonyl compound 
or a few centigrams of solid carbonyl compound dissolved in alcohol. Separ- 
ation of a crystalline hydrazono may commence almosti iininodiatoly after 
mixing. If after keeping at room temperature for a short time thoro is no 
precipitate, the mixture may be warmed gently and kept overnight in a corked 
vessel. 

The addition of a small amount of concentrated hydrochloric acid may 
accelerate the formation of the hydrazone. 


Qtliex hydrazines wMch have been used are o-, m-, and ^-tolyl- 
hydrazine, p-bromophenylhydrazine, aa-methylphenylhydrazine, 
aa-benzylphenylhydxazine, aoc-diphenylhydrazine, and (3-naplithyl- 
hydxazine. Most of these find special application for the character- 
isation of reducing sugars. The use of m-hydrazinobenzoic acid 
has been recommended for the separation of aldehydes and ketones 
from other substances (Willstatter, Schupple, and Mayer, Annalen, 
1919, 418, 127). 

Hydrazine derivatives other than the aryl- and arylalkyl- 
hydrazines are frequently employed for the characterisation 
and recogmtion of carbonyl compounds. Of these, semicarb- 
aade, NH 2 *C 0 *NH*NH 2 , gives crystalline condensation products 
mm most aldehydes and ketones and is extensively used. 
Sti commonly employed are thiosemicarbazide, 

KEa-CS-NH-NHg; benzoylbydrazine, PhCO-NH-NHg, and its nitro- 
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substituted derivatives; semioxamazide, NHg’CO-CO-NH'NHg ; 
and aminoguanidine, NH 2 *C(INH)*NH*NH 2 . 

The commercial hydrochloride is the most accessible form of 
semicarbazide for the preparation of semicarbazones. A concen- 
trated aqueous solution of it is added to a solution of the ketone or 
aldehyde in alcohol or dilute acetic acid. The separation of the 
semicarbazone may occur almost immediately, and is completed by 
the addition of sohd potassium acetate. Some semicarbazones 
require several days after the addition of the acetate for their form- 
ation. If the aldehyde or ketone is soluble in water, it is 
unnecessary to use organic solvents. Hopper {J, Roy. Tech. College, 
Glasgow, 1929, 2, [i], 52) describes a method of general application 
for this preparation using pyridine as a solvent. 

The benzoyl- and nitrobenzoyl-hydrazines have been recommended 
for the characterisation of carbonyl compounds. The resulting 
hydrazones are generally sparingly soluble crystalline solids (Curtius 
and co-workers, J. ^r. Chem., 1894, [ii], 50, 275, 295 ; 1895, [ii], 
51, 165, 353). 

Semioxamazide has been used for the characterisation of aldehydes 
when the semicarbazones are not satisfactory (Kerp and Unger, 
Ber., 1897, 30, 585; Hadcliffe, Perf. and Essential Oil Record, 1919, 
10, 39). The reaction appears to be a general one for aldehydes; 
for ketones special precautions are necessary. Suitable experi- 
mental conditions with this object are described by Wilson and 
Pickering (J., 1923, 123, 394; 1924, 125, 1152). 

Thiosemicarbazide yields thiosemicarbazones by reaction with 
aldehydes and ketones, which form sparingly soluble silver, mercury, 
or copper salts. The preparation of these salts can be used for the 
analysis of thiosemicarbazones, or for the separation of carbonyl 
compounds from mixtures containing other substances, since these 
salts regenerate the original aldehyde or ketone by the action of 
mineral acids (Neuberg and Neumann, Ber., 1902, 35, 2049 ; Baird, 
Bums, and Wilson, J., 1927, 2527 ; Bose and Chaudhury, J, Indian 
Chem. Soc., 1927, 4, 84). 

’ The condensation products of aminoguanidine with aldehydes and 
ketones are characterised by their comparatively strong basicity and 
yield, in general, sparingly soluble picrates and nitrates (Baeyer, 
Ber., 1894, 27, 1919; Thiele and DraUe, Annalen, 1898, 302, 278; 
Thiele and Bihan, ibid., p. 302). 

3. Reaction with Hydroxylamine. — Aldehydes and ketones react 
with hydroxylamine to ehminate the elements of water and to yield 

T> 

oximes of the general formula j^,^C~NOH. 

A general method of preparation consists in mixing the aldehyde 
with the necessary amount of hydroxylamine hydrochloride dissolved 
in water to which a slight excess of sodium carbonate or bicarbonate 
(1| — 1^ times the necessary amount) has been added. Oximation 
is completed by keeping at room temperature. With aldehydes 
which are insoluble in water, alcohol may be used as a solvent. 
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Instead of sodium carbonate, 2 molecular proportions of sodium 
hydroxide in aqueous solution may be used, but under these con- 
ditions the oxime must be liberated by saturating the solution with 
carbon dioxide. 

Ketoximes may be prepared by a similar method, but as the 
reaction generally proceeds less readily, it must usually be completed 
by warming. The hydroxylamine salt is heated with an aqueous 
or alcoholic solution of the ketone after adding potassium acetate 
or the exact amount of caustic soda to liberate the hydroxylamine. 

(4) Effect of Configuration on the HeactioTi of Aldehydes and 
Ketones with Hydrazines and Hydroxylamine. — The relative ease 
with which aldehydes and ketones react with hydroxylamine and 
substituted hydrazines has been examined by several investigators. 
It appears that the accumulation of groups adjacent to the carbonyl 
group retards the reaction, and may even prevent it. Thus methyl 
wopropyl ketone is less reactive than acetone, while in the aromatic 
series the presence of groups in the ortho position seriously retards 
the formation of oximes and phenylhydrazones. Examples and 
references to the literature are given by A. W. Stewart {Stereo- 
chemistry, 1907, pp. 416 — 426). There is evidence to show that the 
reactivity of aldehydes and ketones does not entirely depend on 
spatial considerations. The reagent itself also appears to have quite ’ 
a definite influence (Michael, J. Amer. Ghem. Soc., 1919, 41, 393). 


(d) Reaction of the Carbonyl Group with the Methylene Group. 

Aldehydes in general condense with suitably activated >CIl 2 
groupings to give compounds which belong to one of the three f ollow- 
ing types : 

^RUH(OH)-CH< .... (a) 

R-CHO + >CH2^R-CH:C< . . . . (b) 

^R-CH(CH<)2 . . . . (c) 


The reaction occurs between the carbonyl and the methylene 
groupings. It occurs also with the carbonyl group of ketones, 
although not to the same extent. For this type of reaction to take 
place, the methylene group requires the activating influence of an 
adjacent >CO, -CN or -NOg grouping, A heterocychc, or an 
aromatic group, or a conjugated system have the same effect. 
These classifications include simple acids and their esters, ketones, 
nitroparaffins, nitriles, 1 ; 3-diketones .such as acetyl acetone and 
benzoyl acetone, P-ketonic esters as acetoacetic ester, a-cyano-acids 
as ^ cyanoacetic ester, a-methylpyridine, fluorene, quinaldine, 
lepidine, c^/eZopentadiene, indene. This type of reaction has 
therefore a wide application and is of very considerable import- 
ance. It includes such weU-known reactions as the Perkin, 
Knoevenagel, and Doebner methods of preparing unsaturated acids, 
the aldol reaction anri the croton a.lfi eh vde condensation. 
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The experimental conditions for the reaction are very diverse, 
and although it is possible to classify theni according to the type of 
condensing agent used, it seems more convenient in the following 
account to consider these reactions according to the type of reactants 
concerned. 

(1) Reaction of the Carbonyl Group with Aldehydes and Ketones , — 
The simplest type of reaction is that exemplified by the aldol re- 
action, two molecules of a suitable aldehyde reacting under the 
influence of a suitable catalyst to give a p-hydroxyaldehyde 
according to the scheme 

R-CHa-CHO + — >■ R-CH2-CH(OH)-CHR-CHO 

where R is an alkyl group. There is evidence that, in this reaction, 
an equihbrium between the aldehyde and the aldol is set up (Usher- 
wood, J:, 1923, 123, 1717). 

A large variety of catalysts have been used to bring it about. 
Wurtz (J. pr, Chem,, 1872, [ii], 5, 457), who jSrst prepared aldol, 
used hydrochloric acid (compare Kolbe, J. pr. Chem., 1872, [ii], 5, 
465). More suitable catalysts are potassium carbonate or potassium 
cyanide, sodium acetate, dilute sodium hydroxide solution, or 
sodium sulphite. 

Preparation of Aldol , — Freshly prepared acetaldehyde (from paraldehyde, 
see p. 147) (100 g.) is added to 200 g. of ice and water and the resulting solution 
cooled to — 12° and stirred mechanically. A solution of 2*5 g. of potassium 
cyanide in 100 g. of water is now added slowly so that the temperature never 
rises above — 8°. When all the cyanide has been added the solution is 
kept in the freezing mixture for 2 hours and then in an ice-chest for about 
30 hours more. The solution has then a pale yellow colour and has become 
more viscous. The aldol is isolated from it by four extractions with ether 
after saturating the aqueous solution with salt. 

Evaporation of the ethereal solution leaves a thick oily residue, which on 
distillation under reduced pressure yields 40 — 50 g. of aldol, b. p. 80 — 90° /20 
mm. (Claisen, Annalen, 1899, 306, 322). 

The homologues of acetaldehyde react similarly, provided that the 
groupiug -CHg'CHO is present. The behaviour of aldehydes not 
possessing this grouping is discussed later (p. 160). 

Under more drastic conditions, the reaction goes further, either to 
furnish an unsaturated aldehyde by the loss of water or the aldol 
may undergo a further condensation (Lieben, Monatsh,, 1901, 22, 
289; Neustadter, ibid., 1906, 27, 903; Raper, 1907, 91, 1831). 

The formation of the unsaturated aldehyde is favoured by effecting 
the condensation in presence of zinc chloride. In its presence 
two different aldehydes may similarly undergo condensation to give 
imsaturated aldehydes. Thus acetaldehyde condenses with n- 
heptaldehyde to give a-ethylidene ?i-heptaldehyde, 

ch3-(CH2)4-C(cho):ch-ch3 

(Zaar, Ber. Schimmel, 1929, 309). Other condensing agents may also 
be employed. 

Preparation of a~Phenylcinnamaldehyde, P]i*CHIC(Pb)‘CHO. — solution of 

ft.c. of 5% methyl alcoholic solution of sodium methoxide is added to a 
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cooled mixture of beuzaldehj'de (53 g.) and phouylacotaldohydo (60 g.). 
The mixture is neutralised with acetic acid after keeping overnight and then 
fractionated. Redistillation of the fraction b. p. 150 — '2 1 0 ' /1 8 mm. gives 20 — 30 
g. of a straw-coloured oil, b. p. 196 — 201°/ 16 mm., which solidities almost 
completely on cooling. Crystallisation of the aldohydo from alcohol gives 
an approximately pure product, m. p. 94 — 05° (ihirton, »/., 1932, 748; Meer- 
wein and Dott, J. pr. G}ie7n., 1918, [ii], 97, 281). 

A similar reaction occurs between aliphatic aldehydes and ketones. 
Thus acetaldehyde or butaldehyde reacts with acetone to give a 
hydroxy-ketone (I), which under suitable conditions loses the 
elements of water to form an unsaturated ketone (II). 

R-CHO + CHa-CO-CHg — > R-CH(OH)-CH2COUH3 — >■ 

(I.) R-CHICH-CO-CH. 

(II.) 

The condensing agents employed in these reactions are alkali or 
dilute aqueous alkali cyanides. Occasionally acids are used (J. G. 
Schmidt, Bar., 1881 , 14, 1459 ; Claisen, ibuL, p. 2468 ; 1892 , 25, 
3164 ). 

The following examples illustrate the experimental conditions for 
this reaction. 

jReaction of n-ButaldeJiyde with Acetone, (a) Formation of llcptane-h-oU 
p-one (formula I, R = C3H7). — solution of 72 g. of n-butaldehydo in 58 g. 
of acetone is added during a period of 3 hours to a iiKH^hanically stirrcxl .mixture 
of 116 g. of acetone and 20 g. of sodium hydroxide in 40 c.c. of watcu' main- 
tained at 5 — 10°. The mixture is stirred for a further period of an hour after 
the addition of all the aldehyde. The aqueous lay or is then separated, 
extracted with ether, and the ethereal solution added to the oil. The com- 
bined product is neutralised with dilute acetic acid, and wasliod with bicar- 
bonate solution and water. It is then dried and fractionated, after removing 
the solvent and acetone under reduced pressure at the ordinary temperature. 
The hydroxy -ketone is collected at 92 — 95° /12 mm. as a palo yellow oil with 
a faint odour. 

If the reaction is allowed to proceed without cooling, tho product contains 
a comparatively large amount of the unsaturated kotoixo. 

(b) Formation of dxs-n-Butylidene Acetone (formula II, B = C3H7). — 
Wr-Butaldehyde (178 c.c.) is added slowly to a mixtui’o of acotono (145 c.c.) and 
320 c.c, of 15% aqueous sodium hydroxide solution. The initially vigorous 
reaction is allowed to proceed under reflux and is finished by shaking mecihanic- 
ally for 2 days. The oil is separated and tho aqueous layer extracted with 
ether. The combined oil and extracts are washed with water and dried with 
calcium chloride. Fractionation under reduced pressure gives tho crude 
ketone, b. p. 70° /12 mm. The product still contains some watoi*, which is 
best removed by adding an equal volume of benzene and distilliiig it ofl through 
a fractionating column. The residue gives, on distillation under reduced 
pressure, the pure ketone, b. p. 67 — 70° /12 mm. (Eccot and Linstoad, J., 
1930, 911). 

Beaction of n-Butaldehyde with Methyl Ethyl Ketone. — n-Butaldehyde (72 g.) 
is added drop by drop to a well-stirred mixture of 220 g. of nxethyl ethyl 
ketone and 60 c.c. of A^-alcoholic potash. Slightly luoro than tho theoretical 
amount of tartaric acid is added and the precipitate of potassium hydrogen 
tartrate collected. As much as possible of the unchanged kotono is removed 
by distillation from a water-bath and the residue fractionated under reduced 
pre^ure. The principal fractions are collected at about 80° /20 mm. and 105 — 
112° /1 6 mm. A further fractionation gives pure 8-hydroxy-y-methyl-j3- 
heptanone, b. p. 110°/16 mm. — yield 60 g. 
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The lower-boiling fraction is the ■onsatnrated ketone. It can very conveni- 
ently be obtained from the hydroxy-ketone by the following method. 

Iodine (1 g.) is added to 144 g. of the hydroxy -ketone and the mixture 
slowly distilled. Water commences to separate almost immediately, and 
distils over, carrying with it some of the ketone. The main fraction of the 
im saturated ketone is collected at 170 — 175° and is purified by distillation 
under reduced pressure (Powell, J. Amer. Cliem, Soc., 1924, 46, 2514). 

Preparation of Benzalacetone . — ^Freshly distilled benzaldehyde (42 g.), 
acetone (SO c.c.), and 40 c.c. of water are mixed in a beaker flask and 10 c.e. 
of a 10% solution of sodium hydroxide added gradually. The mixture is 
stirred mechanically and the temperature is maintained between 25° and 31° 
by regulating the rate of addition of the alkali and by providing an external 
cooling bath. Wheir^ll the alkali has been added, the stirring is continued 
for a period of 2 hours, and then dilute hydrochloric acid is added till the 
mixture is neutral to litmus. The two layers are separated and the lower 
extracted once with benzene. The oil obtained in the condensation is added 
to the benzene extract, the combined solution washed with water and fraction- 
ated under reduced pressure. Benzalacetone is collected at 133 — 143°/16 mm. 
as an almost colourless oil which solidifies on nucleation. It may be purified 
by a further distillation — ^yield 37 — 45 g. (Drake and Allen, jr., Organic 
Syntheses i 1923, 3, 17). 

Preparation of Benzalacetophenone . — solution of 21 g. of sodium hydroxide 
in 200 c.c. of water and 100 c.c. of alcohol in a J-litre beaker flask is cooled 
by an external bath of ice and stirred mechanically. Acetophenone (52 g.) 
^is added to the alkaline solution and then 46 g. of benzaldehyde. The tem- 
perature is maintained between 15° and 30°. 

After some time, the mixture becomes so viscous that stirring must be 
discontinued. The mixture is then kept in an ice-box overnight. The 
ice-cold mixture is filtered and washed with water till neutral to litmus, and 
then with a small amount of ice-cold alcohol. The yield of the crude product 
is about 88 g. It can be purified by crystallisation from alcohol, m. p. 
55 — 57° (Kohler and Chadwell, Organic Syntheses, 1922, 2, 1). 

Preparation of Cinnamylpyruvic Acid . — ^A mixture of cinnamaldehyde 
(20 g.) and p 3 ruvic acid (15 g.) (both freshly distilled under reduced pressure) 
is added to a well-cooled and efficiently stirred solution of 9 g. of sodium 
hydroxide in 120 c.c. of 50% alcohol- The first few drops produce a fine 
suspension which gives place to a yellow crystalline precipitate. This gradu- 
ally increases in amoimt as further amounts of the reactants are added. The 
addition requires about J hour, and after all the acid has been added the reaction 
mixture is stirred for 2 or 3 hours at room temperature. The pasty light yellow 
mass is collected, thoroughly drained and washed with alcohol (96%). It is 
then dried under reduced pressure over calcium chloride — ^yield 21 g. This is 
the sodium salt of cinnamylidene pyruvic acid, Ph'CHICH-CHICH'CO'COgH, 
and is purified by crystallisation from eight times its weight of 50% alcohol 
(Friedmann and Mai, Helv. Chim. Acta, 1931, 14, 1213). 

The condensation of o-nitrobenzaldehyde and its substitution 
products with acetone is of importance in that it supplies a method 
for the preparation of indigo and its substituted products. The 
normal condensation is brought about by the action of the alkali 
salts of weak acids such as sodium sulphite or trisodium phosphate. 
If alkali is used, the reaction yields indigo (compare E. Sachs and 
Kempf, Ber., 1903, 36, 3302). 

Cyclic ketones condense with aldehydes in the same way as 
open-chain ketones. 


Preparation of ^-Hydroxy-^-hen^ylidene-l-hydrindone . — ^Hydrindone and 
salicylaldehyde (10 g. each) are heated together with a solution of 4 g. of 
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caustic potash in 50 c.c. of methyl alcohol for 20 minutes. The product is 
acidified with acetic acid, diluted with water, and the bright canary-yellow 
precipitate collected, w'ashed with water, and crystallised from alcohol. It 
separates from boiling alcohol in slender, canary -yellow needles, m. p. 206° 
■ (W. H. Perkin, jr., and Robinson, J., 1907, 91, 1087). 


The condensation of ketones with salicylaldehyde and other 
o-hydroxy-aromatic aldehydes is of considerable importance in that 
the unsaturated ketone produced in the reaction can undergo ring 
formation under the influence of hydrogen chloride to yield a 
benzopyrylium salt. This type of reaction has been extensively 
used by Robinson and his co-workers for the synthesis of antho- 
cyanins and anthocyanidins. 

CH 

QgHo + 0H3.C0.K Qg™- ^ ()(V 


o 


Cl 


Preparation of 7 -Hydroxy -2-phenyl-henzopyrylimn Chloride (III). — Aceto- 
phenone (5 g.) and jS-resorcylaldehyde (5 g.) are dissolved in 25 c.c. of glacial 
acetic acid and a slow stream of hydrogen chloride is passed into the cooled 
solution. The liquid first becomes yellow, then rod, and after a few hours 
orange-yellow crystals of the pyrylium salt separate. After standing overnight 
the crystals are collected, washed with acetic acid, and recxystallisod from 
dilute hydrochloric acid (Perkin, Robinson, and M. R. Turner, J., 1908, 
103, 1098). 

Preparation of 3 : -Dimethoxy-2-p7henyTbenzopyrylimn Perrichloride (V). — 
Salicylaldehyde (2-8 g.) and o> : 4-dimethoxyacGtophonone (4 g.) are boiled 
together for 2 hours in methyl alcohol (100 c.c.) containing 1-5 g. of potassium 
hydroxide. The reaction mixture is acidified with acotic acid after cooling 
and diluting. The crude ketone (IV) — 4:'-mothoxy-2-hydroxy-^-mothoxy- 
styryl ketone — ^is purified by crystallisation from methyl alcohol, m. p. 160°. 

Conversion of the unsaturated ketone into the benzopyrylium salt is effected 
by passing a slow stream of hydrogen chloride into its solution (3 g.) in 100 c.c. 
of dry ether for 1 hour. A solution of ferric chloride in hydrochloric acid is 
then added, the solvent removed by cautious distillation, and tho precipitate 
of the ferrichloride collected. It separates from glacial acotic acid in hair- 
fine orange-red needles (D. D. Pratt and Robinson, J., 1923, 123, 751). 


CH 


:C-C0<^~\0Me 
OMe \ — / 

kA, 


r Y OMe 


^OH 


Cl 



CH 

'V^OMe 

^C^^QoHe 


(V.) 


TeCL 


For the application of these reactions to the syntheses of antho- 
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cyanins and anthocyanidins the following papers should be con- 
sulted : Pratt and Robinson, J., 1924, 125, 197 ; 1925, 127, 170 ; 
Gatewood and Robinson, ibid., 1926, 1959; A. Robertson and 
Robinson, ibid., 1^2^, 1714, 1951; 1928, 1525; Nolan, Pratt, and 
Robinson, ibid., 1926, 1968; Robertson, Robinson, and Sugiura, 
ibid., 1928, 1533; Murakami and Robinson, ibid., 1928, 1537; 
Bradley and Robinson, ibid., 1928, 1566; Bradley, Robinson, and 
Schwarzenbach, ibid., 1930, 793, 815; Leon, Robertson, Robinson, 
and Sheshadri, ibid., 1931, 2672 ; Leon and Robinson, ibid., 1932, 
2223. 

To the t 3 rpe of reactions considered in the foregoing section must 
be added the self-condensations of acetone, methyl ethyl ketone, 
cycl6h.ex.Qsn.onB, and other ketones. 

Acetone in the presence of alkali under carefuUy controlled con- 
ditions undergoes a reaction quite analogous to the aldol condens- 
ation of acetaldehyde. Two molecules react according to the 
scheme to give diacetone alcohol (VI) 

CHg-CO-CHg -f. CHg-GO-CHa — (CH3)2C(OH)-CH2-CO-CH3 (vi.) 

(VT) suffers dehydration either by distillation with iodine, or, 
if the conditions of alkaline condensation of acetone are vigorous, 
to furnish mesityl oxide. This compound has long been known as 
a product of the action of quick-lime, hydrogen chloride, sodium 
alkoxides, etc., on acetone (Kane, On a Series of Combinations 
from Pyroacetic Spirit, Dublin, 1838; J. pr. Chem., 1838, [i], 
15, 129; Pittig, Annalen, 1859, 110, 32; Baeyer, ibid., 1866, 
140, 301; Claisen, ibid., 1876, 180, 1). The condensation can 
be made to proceed further with the production of phorone 
(CH 3 ) 2 C!CH‘C 0 ’CH’C(CH 3 ) 2 , isophorone, xylitone CjgH^gO, and 
mesitylene (Kerp, Annalen, 1896, 290, 137 ; Kerp and P. Muller, ibid., 
1897, 299, 93; Knoevenagel, ibid., 1897, 297, 185; Crossley and 
GiUing, J., 1909, 95, 18). 

Methyl ethyl ketone and diethyl ketone can in the same way be 
induced to undergo similar reactions (Bodroux and Taboury, Bull. 
Soc. chim., 1908, [iv], 3, 829; 1909, [iv], 5, 950; 0. Becker and 
Thorpe, J., 1922, 121, 1303; Ekeley and Howe, J. Amer. GJiem. 
Soc., 1923, 45, 1917 ; Ekeley and Carpenter, ibid., 1924, 46, 446 ; 
Abbott, Kon, and Satchell, J., 1928, 2514). 

Preparation of JDiacetone Alcohol. — 2-1. flask is fitted with, a rubber bung 
carrying a Soxhlet extractor fitted with a very efficient condenser. Acetone 
(1,500 c.c.) is placed in the flask with some pieces of porous pot to facilitate 
boiling. The Soxhlet contains two extraction thimbles each about three- 
quarters full of crystalline barium hydroxide, the remainder of the space being 
filled with glass wool to prevent any of the barium hydroxide being carried 
over. The flask is heated in a water-bath and the reaction is continued till 
the acetone no longer refluxes when the water-bath is boiling vigorously 
(95 — 120 hours). The contents of the flask are now distilled from an oil bath 
at 125° through an efficient fractionating column till acetone ceases to come 
over. The residue is then fractionated under reduced pressure, b. p. 71 — 74°/ 
23 mm. — ^yield 850 g. (Conant and Tuttle, Organic Syntheses, 1922, 1 , 45). 
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Condensations of the mesityl oxide and inesitylene type take place 
not only in the case of the aliphatic ketones, but also in those of i 
acetophenone and eyeZohexanone. Thus c//cZohexanone yields (VII) I 
by the action of hydrogen chloride (Wallach, Ber., 1<)07, 40, 70); | 
heating with alcoholic sulphuric acid yields (VIII) (Mannich, Ber!, 
1907, 40, 153). Acetophenone by the action of iodine or zinc 
chloride similarly undergoes the mesityl oxide type of condensation 
to give dypiione (IX). Triphenyl benzene (X) can also be prepared 
by more drastic conditions. 



(2) Beaction of the Carbonyl Group with N Ur o paraffins and Nitriles. 
— ^Benzaldehyde and some other aromatic aldehydes condense with 
nitromethane and other primary nitroparaffins to give nitro-olefins 
according to the scheme 

Ph-CHO + R-CHa-NOg — PlrCHICR-NOs- 

The condensation has been ejEfected under the influence of a small 
amount of zinc chloride (Priebs, AnnaUn, 1884, 225, 321), or potass- 
ium hydroxide solution (Thiele and Haeckel, ibid., 1902, 325, 7). 
Primary or secondary aliphatic amines act as very convenient 
condensing agents (I^oevenagel and L. Walter, Ber., 1905, 37, 
4502). 

Preparation of a-Nitrostyrene. — solution of purified bonzaldehyde (53 g.) 
and nitromethane (31 g.) in 200 c.c. of methyl alcohol is cooled in a freezing 
mixture, and a solution of 21 g. of sodium hydroxide in 50 g. of ice and water 
is added cautiously. The reaction mixture is stirred mochanically and the 
ad^tion of the alkali controlled so that tho temporaturo is maintained at 10 — 
15®. The first few c.c. of alkali must be added cautiously, since there is an 
induction period. As the condensation proceeds, a bulky white precipitate 
forms rapidly. If the mixture becomes too thick for stirring, it is diluted 
by the adihtion of more methyl alcohol. The reaction is complete when 
a test portion gives a clear solution in wator. It is then diluted with about 
300 c.c. of ice-water and neutralised by running the solution into a stirred 
^lution of 100 c.c. of concentrated hydrochloric acid in 150 c.c. of water. 
The crude nitrostyrene separates as a yellow crystalline mass. This is collected, 
washed with water, and purified by crystallisation from ethyl alcohol, m. p. 
57 o8 — ^yield about 60 g. (Thiele and Haeckel, loc. cit. ; Worral; Organic 
Synth^es, 1929, 9 , 66). 

A similar process has been described by Rosenmund {Ber., 1909, 42 , 4780) 
for the preparation of p-methoxy-a>-nitrostyrene. 

Preparation of a-Ardsylidene-nitro ethane {p-p-methoxyphenyl a-methyl a-nitro~ 
ethylme). ^Nitroethane (1 g.) and anisaldehyde (2 g.) are mixed and 2 drops 
of etnylamine added. After keeping at room temperature for 2 or 3 days, 
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crystals begin to separate; after about a fortnight, the separation is complete. 
The crystals are collected and purified by crystallisation from light petroleum, 
m. p. 48° (Khoevenagel and Walter, Zoc. cit!). 

Benzyl cyanide and many of its substitution products can con- 
dense with benzaldehyde, furfuraldeliyde, anisaldehyde, and similar 
aldehydes to yield aryl-substituted cyanoethylenes. 

Ph*CHO + Ph-CHs-CN — ^ Ph‘CH:C(CN)-Ph 

Preparation of aP-DipJienyl a-cyanoethylene. — ^Abont 5 c.c. of a 20% solution 
of sodium ethoxid© are added to a well-stirred mixture of benzaldehyde 
(9*0 g.) and benzyl cyanide (10 g.). The reaction mixture becomes -warm and 
a white crystalline mass commences to separate. After keeping for some time, 
the precipitate is collected, washed with water, and then with alcohol to re- 
move the aldehyde and nitrile which have not reacted. The product is purified 
by crystallisation from boiling alcohol, m. p. 86° (Frost, Annalen, 1889, 250, 
157). 

(3) Reaction of the Carbonyl Group with Acids and Esters , — The 
experimental conditions for the reaction of an aldehyde with acids 
may be divided broadly into two groups : (a) reactions grouped 
together as the Perkin reaction in which a salt of the acid of the 
type E-CHg'COgH (R is either alkyl or aryl) is heated with a suit- 
able aromatic aldehyde in presence of acetic anhydride or the 
anhydride of the appropriate acid; (b) the reaction is effected 
between malonic acid and an aldehyde in a suitable solvent or 
catalysed by an amine or similar condensing agent. 

By means of the Perkin reaction, cinnamic acid and its substituted 
derivatives can readily be prepared. Thus benzaldehyde heated 
with acetic anhydride and sod&um acetate yields cinnamic acid. 
With propionic anhydride and sodium propionate, a-methylcinnamio 
acid is formed. a-Phenylcinnamic acid is similarly obtained from 
phenylacetic acid. The condensation in this reaction always 
occurs at the a-carbon atom (W. H. Perkin, sen., J., 1877, 31, 388), 
and the reaction is represented by the equation 

Ph-CHO + R-CHg-COgH — ^ Ph-CHICR-eOgH + HgO. 

The homologues of benzaldehyde and its nitro- and halogen nuclear 
substituted derivatives, furfuraldehyde, and thienyl aldehyde react 
like benzaldehyde to give unsaturated acids. In general, the 
aliphatic aldehydes do not give satisfactory products by this | 
reaction, although some of the higher aliphatic aldehydes have I 
been used successfully. When salicylaldehyde and other o-phenolic 
aldehydes are condensed with suitable acids, there is an elimination 
of the elements of water between the carboxyl of the unsaturated 
acid and the phenolic hydroxyl yielding a lactone. Salicylaldehvde 
yields coumarin : 

CH 
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Preparation of Cinnamic Acid. — mixture of 20 g. of freshly-distilled 
benzaldehyde, 10 g. of anhydrous powdered sodium acetate, and 30 g. of 
acetic anhydride contained in a small round-bottomed flask fitted with 
a vertical air condenser, is heated for 8 hours at 180"^ by means of an oil-bath. 

The reaction product is then poured, while still hot, into an excess of 
sodium carbonate solution. The mTchanged benzaldehyde is removed by 
distillation in steam and the residual solution filtered from resinous impiu’ities. 
Cinnamic acid is precipitated from the fdtrate by the addition of an excess 
of dilute hydrochloric acid. It is collected by filtration and purified by 
crystallisation from hot water, m. p. 133° — yield 15 — 20 g. (Bertagnini, 

^ Annalen, 1856, 100,. 126; Perkin, J., 1868, 21, 53). 

Preparation of a-o-Nitroplienylcinnamic Acid.— o-Nitrobenzaldehyde (16 g.), 
the sodium salt of phenylacetic acid (16 g.), zinc chloride (2 g.), and acetic 
anhydride (180 g.) are heated together for 5 hours at 120° in an oil-bath. The 
product is a reddish crystalline paste, which is boiled with 180 c.c. of water to 
destroy the excess of acetic anhydride, then diluted wdth 750 c.c. of water. 
The product is filtered off, dried, and purified by crystallisation from 120 g. 
of hot toluene. On cooling, the acid separates as almost colourless needles, 
m. p. 193 — 195° after further crystallisation — ^yield about 50% of theoretical 
(Psehorr, Ber., 1896, 29, 497). 

‘i Preparation of Coumarin. — mixture of salicylaldehyde (40 g.), acetic 
anhydride (60 g.), anhydrous sodium acetate (65 g.), and iodine (1 g.) is heated 
under refiux for 2 hours at 120° and then for 5 hours at 180 — 190°. The pro- 
duct is then poured into water and extracted with ot-hor. After freeing the 
ethereal solution from salicylaldehyde by shaking with concentrated sodium 
bisulphite solution, the ether solution is washed with water, dried in contact 
with calcium chloride, and the solvent evaporated. Tho residue of crude 
coumarin is distilled under reduced pressure. Coumarin is collected at 
106°/1 mm. It is finally purified by crystallisation from light petroleum (b. p.- 
60 — 80°), when it is obtained as white needles, m. p. 67° — ^yield about 20 g. 

. The Perkin reaction has been extended to the reaction of aide- 
jlhydes with succinic acid and some of its alkyl-substituted deriv- 
[latives. The general conditions consist in heating the sodium salt 
*of the acid with acetic anhydride and the appropriate aldehyde. 
The product varies considerably, consisting of a paraconic acid or 
the corresponding Py-unsaturated acid derived by the loss of carbon 
dioxide and water from the paraconic acid, or a mixture of both 
types of products. Thus benzaldehyde heated with sodium succin- 
ate and acetic anhydride for 5 hours at 125° yields a mixture of 
phenylisocrotonic (XI) and phenylparaconic acids (XII) (Fittig and 
Jayne, Annalen, 1882, 216, 99). At higher temperatures the yield 
of phenyKsocrotonic acid increases at the expense of the paraconic 
acid (compare W. H. Perkin, sen., J., 1877, 31, 394). 

Ph-CHICH-CHg-COgH (XI.) 

(XII.) P11-QH-9H-C02H Ph-CH(OH)-CH-C02H . 

O-CO-CH^ 

Aliphatic aldehydes have been employed successfully for the 
production of alkyl paraconic acids. 

In the preparation of the paraconic acids, a hydroxy-acid (XIII) 
seems to be the intermediate product which readily forms the 
lactonic acid (XH). It might be inferred that also in the formation 
of cinnamic acid a hydroxy acid is formed as an intermediate 
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product wHch eliminates the elements of water on heating. The 
reaction, on this hypothesis, would then be similar in type to the 
aldol-crotonaldehyde reaction of acetaldehyde. Indirect evidence 
in favour of this hypothesis is provided by the work of Fittig and 
his co-workers. They found that ^sobutyric acid condenses with 
benzaldehyde to give the hydroxy-acid (XIV), 

Ph-CHO + (CH3)2CH-C02H — ^ Ph-CHpHj-CMeg-COgH (XIV.) 

They also showed that the hypothetical intermediate product 
Ph*CH( 0 H)'CH 2 *C 02 H in the preparation of cinnamic acid loses 
water below the temperature at which benzaldehyde reacts with 
sodium acetate (Fittig and Slocum, Annalen, 1885, 227, 53 ; Fittig 
and Ott, ibid., p. 61). Other views of the mechanism of this 
reaction have, however, been advanced (W. H. Perkm, sen., J., 
1886, 49, 317; Nef, Annalen, 1897, 298, 309; Michael, Ber., 1901, 
34, 918; Conrad and Bischoff, Armalen, 1880, 204, 183). 

The reaction between aldehy’des and malonic acid or its esters 
proceeds more easily than that between the corresponding aldehydes 
and monobasic acids. It can be efiected in acetic acid solution or 
under the condensing influence "of amines, and leads to the form- 
ation of an alkylidene malonic acid, which readily loses carbon 
dioxide to give an unsaturated monobasic acid. This process is of 
considerable value in the synthesis of unsaturated aliphatic acids. 

Acetaldehyde reacts with malonic acid in pyridine solution to 
give crotonic acid. Propionaldehyde and Ti-butaldehyde react 
similarly to give ap-unsaturated acids according to the scheme 

P-CHO + CR^iCO.^)^ — > R-CHrCH-CO^H + COg. 

From a thorough investigation of this condensation it appears 
that 72,-butaldehyde gives exclusively the aP-unsaturated acid. The 
action of other basic condensing agents is remarkable, since con- 
siderable amounts of the isomeric Py-unsaturated acid are formed, 
dimethylardline and triethanolamine giving rise to the almost pure 
Py-acid. Propaldehyde and ^50vaieraldehyde behave similarly. 


CsH^-CHO + CHgiCOsH)^ 



CaH/CHICH^COaH 



CaH^-CHrCH-CHa-COaH 


(Boxer and Linstead, J., 1931, 740; compare Zaar, Ber. ScMmmel, 
1929, 297 ; v. Auwers, Annalen, 1923, 432, 58). 

It should be noted that v. Auwers has isolated a small amount of 3 
P-hydroxy-acid as by-product in the condensation of acetaldehyde | 
and of %-butaldehyde with malonic acid in pyTidine solution. 

Preparation of Crotonic Acid . — ^An ethereal solution, of acetaldehyde is 
prepared by heating 60 g. of paracetaldehyde with a few drops of sulphuric 
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acid in a water-bath. The acotaldehydo thus ovolvotl is passed upwards 
through a short inclined condenser to roinovo any paraldehyde. It is dried 
by passage through a tubo containing cralciinn chloride and eollectcd in 60 c.c. 
of ether cooled by an external bath of ice-wator. 

To this solution 26 g. of powdered malouic^ atdd aro added, followed by 20 g. 
of pyridine. The rnixtiiro is kept for 2 days at 0*^ and t Ikmx at room temperature 
for a day. The ether is then removed and the residue heated till no more 
carbon dioxide is evolved. Solution of the rt'sidue thus obtained followed 
by precipitation wnth concentrated hydro(*.hlorie acid yields crotonic acid. 
A further amomxt i's obtained by other extractioxx of the filtrate — ^yield 
18 g. It is purified by crystallisation from light pt^troloum (b. p. 60 — -80°), 
m. p. 72° (Letch and Linstead, 1932, 455 ; Honlo, A nleitung /. d. Organisch- 
Chernische Frakiihu^n, 1927, p. 188). 

Preparaiion of Sorbic Acid. — CHa-CHrCH-CHrCH-COaH. Crotonaldehyde 
(40 g.), malonie acid (60 g.), and pyx'idino (60 g.) are inix(Kl xind heated on a 
water -bath. There is a lively evolution of carbon dioxide, and when this 
ceases (about 3 hrs. ) the mixture is cooled in ico and an exc‘.oss of dilute sulphuric 
acid added. The crystalline mass of sorbic acid whiclx separates is collected 
after keeping. A further amount is obtained by (^tiior extraction of the filtrate 
— ^yield 20 g. Sorbic acid crystallises from hot water in long needles, m. p. 
134° (Doebner, Ber., 1900, 33, 2140). 

^ Preparation of Cinnamic Acid. — ^Equimolocular proportions of malonie acid 
and benzaldehyde aro heated on a vrator-bath with 2 mol. props, of 8% 
alcoholic ammonia till the solution is clear. Tlio ah’ohol is then removed by 
distillation and the residue heated on the water-bath till the evolution of car- 
bon dioxide ceases. The product is then dissolved in hot water and the cin- 
namic acid precipitated by the addition of dilute hydrochloric acid — ^yield 
80 — 85% of theory (Knoevenagol, Ber., 1898, 31 , 2604). 

Preparation of Cinnamylidenemalonic acid. — ^l^qual weights of cinnamalde- 
hyde, glacial acetic acid, and malonie acid are heated together on a water-bath 
for 9 hours, the mixture being shaded from light. The mass sets to a paste 
which is drained and washed with chloroform. It is crysi ixlliscd from absolute 
alcohol, m. p. 208° — ^yield about 140 — 200 g. from 200 g. of malonie acid 
(Liebermann, J5er., 1895, 28 , 1439; compare Thiele and Meisonhoimor,Awna^en, 
1899, 306 , 252). 

Cyanoacetic acid can be used for these condensations instead of 
malonie acid. The reaction proceeds similarly to give either an 
a-cyano-unsaturated acid or an unsaturated nitrile if the experi- 
mental conditions are arranged so as to eliminate carbon dioxide. 

R-CHO + CH2(CN)-C02H — R-CH:C(CN)-C02H — ^ 

r-ch:ch-cn 

Preparation of a-Gyano-Z^^-n-hexenoic Acid. — Molecular proportions of 
cyanoacetic acid and freshly distilled butaldehyde are heated on a water-bath 
vnth 1/50 mol. of piperidine for 4 hours. The product is extracted with 
dilute sodium bicarbonate solution and the crude cyano-acid is precipitated 
as a brown \fiscous oil by acidifying the extract. 

It is obtained crystalline by heating at 70 — 80° under reduced pressure 
for some time, then by slow evaporation of an ethereal solution of the product, 
the acid separates as a coarse white powder. It crystallises from benzene in 
needles, m. p. 102° (Letch and Linstead, J., 1932, 460). 

The condensation of benzaldehyde and its homologues with esters 
of the fatty acids can he effected quite easily by Claisen’s method 
of using metallic sodium as the condensing agent. 

Preparation of Ethyl Cinnamate (a). — ^To an excess of ethyl acetate free from 
alcohol, sodium wire is added and then benzaldehyde cautiously and with 
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cooling (1 mol. prop, aldehyde for 1 atom. prop, of sodium). When all the 
sodium has reacted, the mixture is kept for some time, then sufficient dilute 
acetic acid is added to combine '^th all the sodium. The ester layer is separ- 
ated, washed, and dried. Fractionation gives unchanged ethyl acetate and 
ethyl cinnamate, b. p. 260 — ^270° — ^yield about 100 — 110% of the weight of 
benzaldehyde used. 

The reaction appears to be of general application for the preparation of 
a-alkyl and a-aryl einnamie acids (Claisen, Ber.j 1890, 23, 976; Posner, 
J". pr. Chem»i 1910, [ii], 82, 435). 

(b) 29 G. of clean sodium and 400 c.c. xylene are placed in a 2-1. two-necked 
flask fitted with a short reflux condenser and a mechanical stirrer. The flask 
is heated in an oil-bath till the sodium has melted, when the stirrer is started 
and the oil-bath removed. The stirring is continued till the sodium has 
been converted into a powder. The xylene is then poured oflt and 455 c.c. 
of ethyl acetate with 3 c.c. of absolute alcohol are added. The contents of 
the flask are then cooled to 0° and 106 g. of pure benzaldehyde added slowly 
over a period of IJ — 2 hrs., the temperature of the reaction mixture keeping 
below 10°. The stirring is continued till practically all the sodium has reacted , 
when 90 — 95 c.c. of glacial acetic acid are added and the mixture is cautiously 
diluted with water. The ester layer is separated, the aqueous portion ex- 
tracted with about 30 c.c. of ethyl acetate. The combined ester portions are 
washed with 300 c.c. of 6A^-hydrochloric acid and dried over sodium sulphate. 
The bulk of the ethyl acetat-e is removed on the water -hath and the residue 
fractionated under reduced pressure. Ethyl cinnamate is collected at 128 — 
133°/6 mm. — ^yield 120 — 130 g. (Claisen, loc, ciU; Marvel and W. B. King, 
Organic Syntheses, 1929, 9, 38). 

Malonic ester, and in general all esters containing the groupings 
-C 0 *CH 2 ’C 0 - or -CO-CHg'CN, react with aldehydes more readily 
than esters of the monobasic fatty acids. The condensation 
can take place with either aromatic or aliphatic aldehydes, and is 
generally brought about by the addition of a small amount of 
ammonia, dimethylamine, piperidine, or a similar amine. Under 
these conditions the aliphatic aldehydes yield principally saturated 
esters by reaction with 2 molecules of malonic ester, while aromatic 
aldehydes give rise to unsaturated esters by the same reaction. 
Thus acetaldehyde reacts with malonic ester to give the ester (XV) ; 
formaldehyde, propaldehyde, and butaldehyde behave similarly. 
Benzaldehyde gives chiefly benzalmalonic ester (XVI). 

CH3-CH<^[gg2H)2 Ph*CH:CH(C02H), 

(XV.) ' " (XVI.) 

Preparation of Benzalmalonic Ester. — ^IMalonic ester (100 g.) — dried by dis- 
tillation under reduced pressure over anhydrous sodium carbonate — and freshly 
distilled benzaldehyde (70 g.) are mixed and 2 g. of piperidine added. The 
mixture is kept in a corked flask for 2_days and then heated on a water-bath 
for 12 hours. ^ The reaction mixture is' then diluted with ether, washed with 
water and acid, dried over anhydrous sulphate, and distilled under reduced 
pressure. The benzal malonic ester is collected at 185 — 186° /II mm., 70% 
yield. It solidifies on cooling (Knoevenagel, Ber., 1898, 31, 2591), 

Cyanoacetic ester undergoes a similar condensation with alde- 
hydes. Benzaldehyde gives a-cyanocinnamic ester (Garrick, J. pr. 
Chem., 1892, [ii], 45, 500). Acetone and some cyclic ketones react 
with ethyl acetoacetate in a similar maimer (Merling and Welde, 
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Annalen, 1909, 366, 131 et seq , ; Jupp, Kon, and Lockton, J., 1928 
1638). 

The Knoevenagel condensation in which a carbonyl group reacts 
with -CO-CH 2 -CO- grouping under tlie influence of a small amount 
of primary or secondary amine has been extended to the con- 
densation of aliphatic and aromatic aldehydes with P-keto-esters 
(as acetoacetic ester or benzoylacetic ester) and with 1 : 3-diketones 
(as benzoyl acetone). A list of references to work on this condens- 
ation earher than 1904 is given by Knoevenagel {Ber,, 1904, 37 
4461). 

The condensation of benzaldehyde with 2 : 4-dinitrotoluene has 
already been referred to (p. 55) (compare Ruggli, Zimmermann, 
and Thouvay, Helv. Chim. Acta, 1931, 14, 1250). A similar type 
of condensation is shown by quinaldine and a-methylpyridine, 
which by reaction with aldehydes give rise to derivatives of the 
type 



(Ladenburg, J5er., 1886, 19, 439, 2578; Shaw, J., 1924, 125, 2363). 
Condensation of the carbonyl group with the grouping CH 2 <^qI can 


be ejffected under the influence of alcoholic potash. Thus cyclo- 
pentadiene (XVII) reacts with acetone to give dimethylfulvene 
(XVIII); benzophenone and acetophenone behave similarly to 
acetone (Thiele, Ber., 1900, 33, 666). Pluorene (XIX) and indene 
(XX) yield analogous compounds with aldehydes (Thiele and 
jBiihner, Annalen, 1906, 347, 249; Thiele and Henle, ibid,, p. 296; 
Sieglitz, Ber,, 1919, 52, 1514; 1920, 53, 1232; Wislicenus and 
Hentrich, Annalen, 1924, 436, 11). 




CH, 


CH=:CH- 

(xvn.) 


:CMe„ 


(xvni.) 



(XXI.) 


HO*CH,>^CHa-OH 


CH,-OH 


(XIX.) 




(XXUI.) (H0-CH2)2CH-C0*CH(CH2-0H)2 


In the foregoing sections the condensations of acetaldehyde and 
its homologuea and of aromatic aldehydes have been reviewed. It 
is convenient here to consider the condensations of formaldehyde 
separately, for it is frequently abnormal in. its behavionr. Thus it 
condenses with aliphatic aldehydes to give products which may 
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contain several formaldehyde residues. Thus acetaldehyde and 
formaldehyde give pentaerythritol (XXI) ; isobutaldehyde gives the 
glycol ; from acetone (XIII) is obtained (ToUens and 

Wigand, Annalen, 1891, 265, 316; Apel and ToUens, ibid,, 1895, 
289, 36; ToUens, ibid., 1893, 276, 82). 

Reaction of formaldehyde with nitromethane results in the 
replacement of aU 3 hydrogens of the methyl group by -CHg'OH. 
With the higher nitroparaffins there is a tendency for more than 
one of the hydrogens to be replaced by --CH 2 OH ^(L. Henry, Compt, 
rend., 1895, 120, 1265 ; 121, 210 ; Bee. trav. cTiim., 1897, 16, 189, 
193). 

(e) Beaction of the Carbonyl Group with the Grignard Beagent. 

Alkyl- and aryl-magnesium halides react with the carbonyl group 
to give additive compounds which are decomposed by water and 
dilute acids to 3 deld alcohols. 

R 

;^>co + ^ r;^c-oh + jvig{OH)i, 

where R, R', R'' are aryl or alkyl groups or hydrogen. 

It is thus seen that a ketone gives rise to a tertiary alcohol as 
the normal product; aldehydes yield secondary alcohols, while 
primary alcohols result if formaldehyde is used. These reactions 
are therefore of considerable importance in syntheses. They are 
iUustrated by the following examples. 

Preparation of -Butyl Alcohol. — An ethereal solution of methyl magnes- 
ium iodide is prepared from 8-2 g. of magnesium turnings and 49 g. of methyl 
iodide in 25 c.c. of dry ether (see p. 374). 

A solution of dry acetone (20 g.) m an equal volume of dry ether is added 
drop by drop to the cooled solution of methyl magnesium iodide. The pre- 
cipitate which is formed initially dissolves, but as more methyl magnesium 
iodide is added it separates as a grejish viscous mass at the bottom of the 
flask. 

The reaction is completed by keeping overnight, when the product is 
decomposed by the addition of ice. When the precipitate is white, sufScient 
30% acetic acid is added to dissolve it. The ethereal layer is separated, 
the ether evaporated, and the residue added to the aqueous portion, which 
is distilled in steam till no more butyl alcohol distils over. The distillate 
is saturated with potassium carbonate, the alcohol separated and dried over 
powdered potassium carbonate. The alcohol obtained by the distillation of 
the dried material contains one molecule of water. This can be removed by 
prolonged contact with barium oxide or by gentle distillation over the requisite 
amount of sodium (Grignard, Ann. Ghirn., 1901, [vii], 24, 470 ; Wren, Organo- 
metallic Compounds of Zinc and Magnesium, 1913, p. 2). 

Preparation of aea. -Butyl Alcohol . — Grignard reagent is prepared from 
72 g. of magnesium turnings and 340 g. of ethyl bromide in ether. 

The flask containing the prepared reagent is cooled in a freezing mixture of 
ice and salt, and a solution of 150 g. of acetaldehyde in twice its volume of 
ether is added gradually from a tap funnel during 2 hours. After keeping 
overnight, the unchanged acetaldehyde and some of the ether are distilled ofl, 
by heating the flask in a water-bath at about 40°. 

The residue is then poured, with stirring, into a mixture of ice and annnonhun 
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chloride. The ethereal layer is separated off, and distilled to remove the 
ether. The residue and also the aqueous portion of the product are steam 
distilled, the distillates saturated with potassium <*arbonato, and the alcohol 
separated and dried over freshly ignited potassium earbonato (Pickard and 
Kenyon, J., 1913, 103, 1938), 

By a similar process those authors have projaired a lai'go number of secondary 
alcohols. For experimental details the original pax:)ors should bo consulted 
(J., 1911, 99, 55; 1912, 101, 628). 

Preparation of sec, -Butyl Carbinol. — ^Tho Qrignanl roagont is pi^epared from 
325 g. of 5 CC. -butyl bromide and 57 g. of magnesium. To the prepared reagent, 
70 g. of trioxyinethylono are added all at once. Aft.or keeping the mixture 
overnight, it is heated under reflux for 24 hours. 

The ethereal solution is then decomposed little by little by the addition of 
diluted sulphuric acid, and tho aqueous layer is extracted several times with 
ether. The ethereal extracts, after washing with saturated potassium car- 
bonate solution, are dried over anhydrous potnHsium carbonate, and the ether 
is removed by careful distillation through a fra( ^tionatin g column . The residue 
is fractionated. 

After a preliminary fraction collected up to 127" consisting of moist alcohol, 
the pure alcohol is collected at 127 — 131°, and may amount to 140 g. A 
fraction, b. p. 195 — 205°, is also obtained, and consists of tho diarnyl ether of 
formaldehyde. 

In this preparation, it is essential that tho trioxymothylono should be dry. 
It is recommended that the commercial product be dried at 100° under reduced 
pressure and then stored in a vacuum desiccator over phosphorus pentoxide 
(Freundler and Bamond, Bull. Soc. chirti., lOOC, [iii], 35, 110). 

This method has the disadvantage that trioxyniethylcne is spar- 
ingly soluble in ether, and consequently reacts but slowly. A 
modification which obviates prolonged refluxing consists in passing 
gaseous formaldehyde into the Grignard reagent. A suitable 
arrangement of apparatus and exporiniental conditions for this 
reaction are described by Ziegler (iier., 11)21, 54, 738), Ziegler and 
P. Tiemann (Rer., 1922, 55, 3406), Wood and Scarf {J.S.C.L, 1923, 
42, 13t). 

Davies and Eapping have shown (J., 1911, 99, 296) that the 
Grignard reaction may he simplified by allowing the mixture of 
alkyl halide and ketone to react with magnesium covered by a layer 
of ether containing a small amount of preformed alkyl magnesium 
halide. The reaction is very convenient. It has, however, as yet 
received only a limited application. In addition to condensation 
with ketones and aldehydes it has been shown to give good results 
with esters and some inorganic chlorides. 

Preparation of Triethylcarhinol . — ^About 1 c.c. of ethyl bromide is added 
to 12 g. of magnesium turnings covered with dry ether to which two very 
small crystals of iodine have been added. A vigorous reaction sets in. When 
it shows signs of abating, a mixture of diethyl ketone (43 g.) and ethyl bromide 
g.) diluted with an equal volume of ether is added gradually from a dropping 
funnel. A vigorous reaction follows the addition of the solution, and it is 
advisable to keep the mixture gently ^aken during the reaction. Wlien all 
the solution has been added the reaction mixture is heated under reflux for 
^ ^ 3 hours. Eventually the mixture is decomposed by the addition of ice 
and dilute sulphuric acid. The ethereal layer is separated, dried over potass- 
ether distilled off through a fractionating column, 
residue yields crude triethyl carbinol, b. p. 131 — 141°. 

This process can he applied to methyl ethyl ketone, ethyl propyl ketone, 
and acetophenone, but it fails with acetone. 
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Aldehydes and ketones can react mth a-bromo- or iodo-esters of 
fatty acids in the presence of zinc to yield p-hydroxy-acids (Refor- 
matski and co-workers, Ber., 1887, 20, 1210; 1895, 28, 2838; J. 
Buss, Phys. Ghem. Soc,, 1890, 22, 44; J. pr. Chem., 1896, [ii], 54, 
469). The reaction is exemplified by the condensation of benzo- 
phenone with bromoacetic ester. 


OZnBr 

Ph^CO -f BrCHa-COgEt + Zn — ^ 

CFaCOgEt 

Ph2C(0H)-CH2C02Et 

Under the conditions originally described by Reformatski, 
a-chioro-esters do not appear to react. Recently, however, Nieuw- 
land and Daly (J. Amer, Chem. Soc,, 1931, 53, 1842) found that the 
reaction proceeds if copper powder is used in conjunction with 
zinc. 

Preparation of the Ethyl Ester of p-Hydroxy-p^-diphenylpropionic Acid . — 
A mi^Tire of UenzoplieriorLe (18-2 g.), bromoacetic ester (20 g.), and zinc 
(8 g.) in dry benzene (90 c.c.) is cautiously heated under an efficient reflux 
condenser till the reaction commences. The reaction mixture must then be 
cooled in ice-water to prevent the reaction becoming too violent. The cooling 
must not be sufficient to stop the condensation ; it should allow the reaction 
to proceed briskly without becoming violent. The condensation is finally 
completed by boiling under reflux for f hour. The product is then treated 
with ice-cold dilute sulphizric acid. The benzene layer is separated, washed 
with water, and dried. After distilling the solvent from it, the residue 
of ^-hydroxy-ester solidifies. It is piuified by crystallisation from aqueous 
alcohol, m. p. 87® — ^jrield about 17 g. (Rupe and Busolt, Ber., 1907, 40 , 4537), 

Preparation of the Ethyl Ester of p-Hydroxy-^-phenyl-^-methylpropionic 
Acid. — A mixture of acetophenone (35 g.), chloroacetic ester (38 g.), benzene 
(35 g.), zinc (18 g.), and copper powder (3 g.) is heated under reflux by a small 
flame till the ^dgorous reaction which sets in has subsided. The mixture must 
be shaken frequently during the heating so that the zinc does not cake. The 
reaction mixtrue is then cooled and treated with ice-cold 20% sulphuric acid 
till all the zinc has dissolved. The upper layer is then separated and the lower 
aqueous layer extracted with ether. The ether extracts and the upper layer 
are combined, dried in contact with anhydrous sodium sulphate, and the 
solvents removed by distillation. The residual ester is then distilled under 
reduced pressure. The pure product is collected at 146 — 147°/ 15 mm. 
(Nieuwland and Daly, loc. cit.). 

(f ) Formation of Acetals. 

The aldehydes and ketones by suitable processes yield acetals, 
the carbonyl group being converted into a diether >C(OAik.) 2 . 
With many aldehydes this can be accomplished by treatment with 
an alcohol containing hydrogen chloride (E. Fischer and Giebe, 
Ber., 1897, 30, 3053 ; 1898, 31, 645) or ammonium chloride (R. D. 
Haworth and Lapworth, J., 1922, 121, 79). In this process an 
equilibrium is attained (Delepine, Bull. Soc. cJiim., 1901, [iii], 25, 
014 ), 

R-CHO + 2R'DH — > R-CHCOROa + H^O. 

Rv careful attention to the factors which influence this reaction, 
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R. D. Haworth and Lapworth {he. cit.) have considerably improved 
the yields of acetal obtained by Eischer’s method. 


Prevaration of Diethylacetal of BenswZtJeftj/ie.— Benzaldehyde is mixed with 
about 8 volumes of absolute ethyl alcohol containing 1% of dry hydrogen 
chloride After keeping for about 2 days at room temperature to attain equili- 
brium alcoholic sodium ethoxide is added tUl the solution is neutral to phenol- 
Dhthaiein The solvent is removed under reduced pressure at 30°. The 
residue is freed from benzaldehyde by shaking it with sodium hydrogen sulphite 
to which enough sodium carbonate has been added to remove all odour of 
sulphur dioxide. The undissolved oil is extracted with ether, dried over 
potassium carbonate, and fractionated under reduced pressure, b. p. 

222°/760 mm.— yield 55%. x-- ux 

Alcoholic hydrogen chloride may be replaced by alcohol containing about 
0*6% of ammonium chloride. The subsequent operations are those just 

described. . . ^ 

Under similar conditions — except that the time required for reaching equili- 
brium is from 2 to 9 days — ^tbe diethyl acetals of i^ovaleraldohydo, anisaldehyde, 
m-nitrobenzaldehyde, cinnamaldehyde, piperonal have been pi'epared 
(Haworth and Lapworth, loc. cit,). 


The !Fischer process of acetalisation does not succeed with ketones. 
They can, however, be converted into acetals by Claisen’s methods, 
which depend on reaction with alcohol containing formino-ether 
hydrochloride or orthoformic ester. Aldehydes can also be acetal- 
ised by these methods (Claisen, Ber., 1896, 29, 1005; 1898, 31, 
1010 ; 1907, 40, 3903). 


Preparation of Keto-acetaU {Formino-ether Hydrochloride Process ). — ^The 
following general directions are given by Claisen . Formino -ether hydrochloride 
(IJ mol. props.) is added to a well-cooled solution of the ketone in an excess 
of absolute alcohol (at least 5 mol. props.). The reaction mixture is kept 
at first in the ice-chest and then at room temperature for from 4 to 8 days. 
An excess of ether is then added, the precipitate of ammonium chloriflo 
collected, and the filtrate decomposed by the addition of ice-wator containing 
a few drops of ammonia. The ethereal solution is separated, dried over 
potassimn carbonate, and then distilled under reduced pressure. With acetals 
of low boiling point it is advantageous to fractionate the othoroal solution 
throng an efficient column. 

Aldehydes can be acetalised by this method. With acetaldehydo it is 
necessary to cool the reaction noixture strongly in order to moderate the violence 
of thqre€W3tion. 

Some misaturated aldehydes add the elements of alcohol to the double 
bond during the formation of the acetal. 

Preparation of Acetone Diethyl Acetal {Orthoformic Ester Process ). — Absolute 
alcohol (27*6 g.) is boiled for some time with 1 g. of finely -powdered ammonium 
chloride to obtain as much as possible in solution. On cooling, acetone 
(11-6) g, and orthoformic ester (32-5 g.) are added and the solution is kept 
at room temperature for about 8 days. It is then diluted with ether and 
si^cient water (inade alkaline with a few drops of ammonia) is added to dis- 
solve the ammonium chloride. The ethereal solution is dried and carefully 
firactionat^ through a column, b. p, 114° — yield 21 g. of crude, 18 g. of pure 
acetone diethyl acetal. 

Piyparation of BmzaZdehyde Diethyl Acetal . — ^A mixture of benzaldehyde 
(37-0 gd, orthoformic ester (57 g.), and ethyl alcohol (49 g.) is heated under 

addition of 0*75 g. of powdered ammonium 

, * — 2'- «/ja.v4. \JX UAjiv^JLUi JiXJLH^ C/BLOl J.» iCJilJLU VtJU fjy U.I»LXXJLttUIOIX 

rt^u^ a col^on and the residue treated with water and shaken with ether. 
Alter mynig the ethereal solution over potassium carbonate, it is distilled. 
J3en2»ldenyde diethyl acetal passes over at 217 — 223° — ^yield 62 g. 
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The ammonium chloride can be replaced by a trace of concentrated hydro- 
chloric acid or by 0-3 g. of ferric chloride, or 0-3 g. of potassium hydrogen 
sulphate. 

Helferich and Hausen {Ber,, 1924, 57 , 795) describe a new method 
for the preparation of acetals of aldehydes and ketones. It is based 
on the reaction of the appropriate orthosilicic ester with the aldehyde 
or ketone in alcoholic solution. The following is a general descrip- 
tion of this reaction. 

The aldehyde or ketone (1 mol. prop.) dissolved in 2 — 3 mol. props, of the 
appropriate alcohol is mixed vdth 1-1 mol. props, of the appropriate ester 
of orthosilicic acid and a few drops of alcoholic hydrogen chloride are added. 

The mixture may then be kept for several days at room temperature or 
heated under reflux. The subsequent procedure depends on circumstances. 
Some acetals, such as benzophenone dimethyl acetal, may crystallise out. 
More generally, the product is fractionated under reduced pressure and the 
distillate poured into 30% aqueous potassium hydroxide (500 c.c. for every 
g.-mol. of orthosilicic ester) and the mixture shaken to hydrolyse the silicon 
esters present (if higher silicon esters are present, the mixture should be boiled). 
The layer of acetal which is now free from silicon is separated, dried in contact 
with potassium carbonate, and distilled. 

(g) Formation of Diacyl Derivatives, 

It has been known for some time that di-esters of the type 
E-*CH(OAc )2 could be obtained either by treating alkylidene 
halides with salts of the appropriate acids (Wicke, Annalen, 1857, 
102 , 366; Engelhardt, J. pr. Chem,, 1857, [i], 72 , 326; compare 
Butleroff, Annalen, 1858, 107 , 111; Auwers and H. Burrows, Ber., 
1899, 32 , 3034), or by heating aldehydes with suitable acid anhydr- 
ides (Geuther, Annalen, 1858, 106 , 249 ; Guthrie and Kolbe, ibid., 
1859, 109 , 299 ; Franchimont, Bee. trav. chim., 1882, 1, 248). 

Both these methods of preparation indicate that these substances 
can be considered as the esters of the ortho-form of the aldehyde, 
R-CH(0H)2. 

A convenient method of preparation is to allow the aldehyde to 
react with the appropriate acid anhydride in presence of a catalyst. 
For this purpose sulphuric acid in small amount has been employed 
very successfully (Skraup, Monatsh., 1898, 19, 458 ; Wegseheider 
and Spath, ibid., 1909, 30 , 840; Wohl and Maag, Ber., 1910, 43 , 
3292). 

Pre'paration of Ethylidene Diacetate — ^Acetaldehyde (16 g.) and acetic 
anhydride (80 c.c.) are mixed and a trace of concentrated sulphuric acid is 
added by means of a glass rod. The reaction mixture becomes warm, and it 
is advisable to cool it. When the initial reaction has moderated, 2 drops of 
sulphuric acid are added. After 12 hours at room temperature it is poured 
into water, the oil separated by ether, washed with dilute sodium carbonate 
solution, dried, and distilled, b. p. 168° — ^yield 19 g. (Wegseheider and Spath, 
loc. cit.). 

Preparation of Benzylidene Diacetate. — 1 Drop of concentrated sulphuric 
acid is added to a solution of 1 g. of benzaldehyde in 5 c.c. of acetic anhydride. 
After 15 minutes it is shaken with about 25 — 30 c.c. of water. The diacetate 
separates as an oil which solidifies on keeping, m. p. 13° — ^yield almost 
theoretical. 



niAnrrrnATQ n-p APaAmn nOMPOTTISTTlR 


o- and p-Nitrobenzaldehydes yield acetates by a similar process. Salicyl- 
aldehyde yields the diacetate of o-acetoxysalicylaldehydo in this manner 
(Wegscheider and Spath, loc. cit^). 

There appears to be no record of the formation of diacyl deriv- 
atives of ketones by any of the methods given above (compare 
Wegscheider, loc, citJ). 

(h) Enolisation, 

The grouping -CH2*C0- has a tendency to change into the enolic 
form — CH.*C{OH) — sunder suitable conditions. With the simple 
aldehydes and ketones, the evidence for this is dcj)endent on their 
conversion into enolic derivatives. Thus cycZ^ohexaiione (I) heated 
for a long time with acetic anhydride and sodium acetate is converted 
into cyclohexenol acetate (II). Other cyclic ketones (Mannich, 
Ber,, 1906, 39, 1594) and some aliphatic aldehydes and ketones 
behave similarly (Semmler, Bar., 1909, 42, 584, 1161 ; Hancu, 
ibid., 1909, 42, 1052). It is not improbable, however, that the form- 
ation of enol acetates from aldehydes is not preceded by ciiolisation, 
but is dependent on the elimination of a molecule of acetic acid from 
the diacetate. Some support for this is derived from the observa- 
tions of Claisen {Ber., 1896, 29, 1006; 1898, 31, 1019; compare 
1907, 40, 3908) that acetals, on treatment with acetyl chloride and 
pyridine or with quinoline and phosphorus pentoxide, eliminate 
the elements of alcohol to furnish ethers of the enolic forms of the 
aldehydes or ketones. 


CH^ 

Vs 

HoC CH„ 

\/ 

CO (I.) 


CH^ 

HjC CH 

\-€cO-CH3 (Ii.) 


On the other hand, there is evidence from the reaction with 
bromine and iodine that acetone and some of its homologues can 
react in the enolic form (Lapworth, J., 1908, 93, 2189 ; Dawson and 
Leslie, ibid., 1909, 95, 1860; Dawson and Wheatley, ibid., 1910, 97, 
2048 ; Dawson and Powis, ibid., 1912, 101, 1503). 

It has not yet been possible to isolate the enols of the simpler 
ketones or to show that they are present in a detectable amount in 
or^ary specimens (compare K. H. Meyer, Ber., 1912, 45, 2852). 

It h^ been shown satisfactory that liquid P-ketonic esters and 
1 : d-d^etones, containing the grouping -CO-CHa-CO-, are mixtures 
oi enohe keto forms, and from some of these both forms have 
been ^latod m a pure condition. The existence of the enol is shown 
^ coloration mth ferric chloride and by the formation of character- 

amount of enol can be estimated 
by JL. H. Meyer s method of titration with bromine (see p. 105) or 
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by determination of the refractive index if the constants of both 
forms are known. The point of equilibrium between the two forms 
is apparently dependent on the external conditions of temperature 
and on the solvent (K. H. Meyer, Annalen, 1911, 380, 212; Ber., 
1912,45,2843). 

The following table illustrates the effect of the solvent, and gives 
the percentage of enol in a 3 — o% solution. 


Solvent. 

Temper- 

ature. 

Aceto- ■ 

acetic 

Ester. 

Benzoyl 

Acetic 

Ester. 

Acetyl 

Acetone. 




7-4 

16*7 

76 

Water .... 

0° 

0-4 

0*8 

19 

Formic acid 

20 . 

M 

2*8 

48 

Acetic acid . ' . 

20 

5*7 

14 

74 

Methyl alcohol . 

0 

6-9 

13*4 

72 

Chloroform 

20 

8*2 

15-3 

79 

Ethyl alcohol 

0 

12-7 

26 

84 

Benzene • . 

20 

18 

31 

85 

Hexane . 

20 

48 

69 

92 

Pyridine .... 

— 

56 

— 

— 


Values for the enol content of equilibrium mixtures of other 
P-ketonic esters and 1 : 3-diketones have been given by K. H. Meyer 
{loc: cit.) and by Dieckmann {Ber., 1922, 55, 2470). ^ 

When the substance is crystalline, the pure substance is either 
entirely enol or entirely keto, but by solution or fusion it is converted 
more or less rapidly into the equilibrium mixture. Some substances 
are known both in enolic and ketonic states. Thus the keto-form 
of acetoacetic ester has been isolated by taking advantage of its 
sparing solubility in solvents at — 78°, and it can be crystalUsed at 
low temperatures. The enolic forms of benzoyl acetic ester and 
acetyl acetone have been obtained by a similar process (Knorr and 
Hermann Fischer, Ber., 1911, 44, 2771). Enolic acetoacetic ester 
has been obtained by treating its sodium salt with dry hydrogen 
chloride at — 78° in. presence of light petroleum (Knorr, Rothe, 
and Averbeck, Ber., 1911, 44, 1138; Knorr, ibid., p. 2767). An 
interesting process of obtaining pure enol and keto-forms of aceto- 
acetic ester has been described by K. H. Meyer and Schoeller {Ber., 
1920, 53, 1410) and by K. H. Meyer and Hopff {ibid., 1921, 54, 579). 
They find that the ester distilled under reduced pressure from glass 
flasks gives a distillate rich in enol and a residue containing a high 
proportion of keto-form. The distillate fractionated immediately 
from a fused quartz apparatus gives the pure enol. The enolic 
form of acetyl acetone has been similarly obtained. Fractional 
distillation of acetoacetic ester from quartz vessels — ^which contain 
no catalyst to accelerate the attainment of equihbrium — ogives a 
residue of the pure keto-ester. 


i 
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(2) Special Reactions of AUehydes. 

(a) Oxidation.— aldehydes are converted by oxidation into 
carhoxyhc acids containing the same number of carbon atoms as the 
origin j aldehyde ^ 

For this purpose a large variety of oxidising agents are available : 
permanganate, hydrogen peroxide, peracids, sUver oxide, nitric 
acid, hypochlorite, and oxygen. , , , j j -a. , 

A number of aldehydes, particularly benzaldehyde and its homo- 
loones, are oxidised to the corresponding acids by contact with air. 
The reaction depends apparently on the intermediate formation of 
peraeid, the formation of benzoic acid from benzaldehyde being 
represented by the scheme (Baeyer and VilHger, JBer., 1900, 33, 1581) 

PhCHO 

Ph-CHO + O 2 — ^ Ph-C0*0'0H- 2Ph-C02H: 

By effecting the aerial oxidation of benzaldehyde in presence of 
acetic anhydride, it is possible to check the oxidation at the peraeid 
stage, the perbenzoic acid being converted into acetyl benzoyl 
peroxide. 

Preparation of Acetyl Benzoyl Peroxide, Ph'CO'O'O’CO-CHg. — A mixture of 
benzaldeliyde (8 g.), acetic ardiydride (16 g.), and sand (200 g.) is spread on 
porcelain cashes in a thin layer and kept in diffused light for 4 days. The 
mixture is then extracted with ether. The ethereal solution is washed with 
sodium carbonate solution, dried, and then evaporated. Acetyl benzoyl 
peroxide remains as a neutral oil, which solidifies. It crystallises from light 
petroleum, m. p- 37 — 39® (Nef, Annalen, 1897, 298, 284). 

The use of peracids as general reagents for the oxidation of satur- 
ated aldehydes has been suggested by D'Ans and Kneip {Ber., 1915, 
48, 1143). Using peracetic acid as the oxidising agent, they con- 
verted benzaldehyde, anisaldehyde, and oenanthaldehyde almost 
quantitatively into the corresponding acids. ^-Hydroxybenz- 
^dehyde yielded quinol, and this would appear to be an example 
of Dakin’s reaction (P., 1909, 25, 194) whereby o- and ^-phenolic 
aldehydes are converted into o- and^-dihydric phenols by the action 
of hyiogen peroxide, 

Tlie oxidation of acetaldehyde to acetic acid by- molecular oxygen 
is of industrial importance, and requires a catalyst for efficient 
working. Many substances have been proposed as suitable cata- 
lysis : manganous, ferric, or nickel salts. Of these the manganous 
are stated to be very efficient. 

The oxidation of saturated aliphatic aldehydes and 6f benzalde- 
hyde and its alkoxy- and nitre- and halogen-substituted derivatives 
can be achieved smoothly by the action of cold or warm aqueous 
permanganate (xmtaining sodium carbonate, or by the action of an 
a<^tone solntion of permanganate. Homologues'^ of benzaldehyde 
are similarly oxidised, but the amount of permanganate must be 
<^refany regulated to prevent the alkyl groups being attacked. 
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Nitric acid, either diluted or concentrated, has been used for this 
oxidation, particularly for halogen-substituted ahphatic aldehydes 
(Moureu, Murat, and Tampier, Compt. rend., 1921, 172, 1267) 
and polyhydroxy aldehydes (Kiliani, Ber,, 1921, 54?, 460; 1922, 55, 
75 ; compare ibid., 1888, 21, 3006). 

Aldehydes which are broken down by the usual oxidising agents 
can generally be converted quite smoothly into the corresponding 
carboxylic acid by treatment with an aqueous suspension of silver 
oxide or an ammoniacal solution of silver nitrate containing some 
alkaK. Delepiae and Bonnet {Compt. rend., 1909, 149, 39) have 
described experimental conditions for the oxidation which give 
almost theoretical yields. This type of oxidation has been applied 
successfully not ouly to unsaturated aldehydes, but also to amino- 
aldehydes (E. Fischer, Ber., 1913, 46, 2510; Stoermer and Prall, 
ibid., 1897, 30, 1508). 

Mercuric oxide has been used to a limited extent for the oxidation 
of reducing sugars to the corresponding polyhydroxy-acids (Blan- 
chietere. Bull. Soc. chim., 1923, [iv], 33, 345). Bromine water has 
been used more extensively for this purpose (E. Fischer and Hirsch- 
berger, Ber., 1889, 22, 3218; E. Fischer and Herborn, ibid., 1896, 
29, 1961 ; Will and Peters, ibid., 1888, 21, 1813; B. W. Allen and 
ToUens, Annalen, 1890, 260, 306; Kihani and Kleemann, Ber., 
1884, 17, 1298 ; Eohani, ibid., 1886, 19, 3031). Improvements in 
the technique have recently been described by Ling and Nanji 
{J.S.G.I., 1922, 41, 28). 

An interesting reaction of the aldehydes is their behaviour with 
alkali salts of nitrohydroxylaminic acid, Na 2 N 203 . The reaction 
is effected in alcoholic aqueous solution containing alkali, and the 
aldehyde is converted into the corresponding hydroxamic acid 
(XXIV), which by hydrolysis with dilute acid gives the carboxylic 
acid and hydrosylamine (Angeh and Angelico, Gazzetta, 1903, 33, 
[ii], 239). Instead of nitrohydroxylaminic acid, benzene sulphonyl 
hydroxylamine, Ph-SOg'NHOH (Piloty, Ber., 1896, 29, 1559), audits 
homologues may also be employed, and are very convenient for this 
purpose, as they are eashy prepared. 

PhSO^-NHOH + B-CHO — ^ 

liTdrolysis 

PhSOoH + R-C(0H):N0H ^ B-C(0H):0 + NHgOH 

(XXIV.) 

The hydroxamic acids are characterised by their copper salts, and 
the formation of these copper salts has been employed for the 
estimation of aldehydes. Although this reaction succeeds with most 
aldehydes, it fails with o-nitrobenzaldehyde and salicylaldehyde. 
Further information on the point can be obtained by consulting the 
following papers : Angeli and collaborators, Gazzetta, 1900, 30, [i], 
593; 1904, 34, [i], 56; Atti B. Accad. Lincei, 1901, [v], 10, [i], 249; 
1908, [v], 17, [ii], 360. Ciamician and Silber, Ber., 1908, 41, 1071). 



160 


EEACTIONS OE ORGANIC COMPOUNDS 


4 (b) Cannizzaro Reaction. — ^It was noticed by Liebig and Wohler 

{Annalen, 1832, 3, 252) that benzaldehyde yielded benzoic acid 
by the action of potash. Benzyl alcohol was not recognised as 
a product of this reaction until 1853 (Cannizzaro, Anmden, 1853, 
88, 129). Thus a mixture of benzyl alcohol and a benzoate is formed 
by emulsifying benzaldehyde with concentrated aqueous potash. 

2Ph-CHO + KOH — ^ Ph-CH^OH + Ph-CO^K + H^O 

Preparation of Benzyl Alcohol and Benzoic Acid from Benzaldehyde . — 
Benzaldehyde (25 g.) is shaken in a stoppered flask with a solution of 22 g. 
of potassium hydroxide in 15 e.c. of water till a permanent emulsion is formed. 
The mixture is kept overnight, when sufficient water is added to completely 
dissolve the crystalline benzoate which has separated. The sparingly soluble 
benzyl alcohol is then extracted by shaking the mixture with several separate 
quantities of ether. The combined ethereal extracts are freed from small 
amounts of unchanged aldehyde by shaking twice with concentrated sodium 
bisulphite solution. The ethereal solution must then bo freed from sulphurous 
acid by shaking with concentrated sodium carbonate solution. Afterwards 
it is dried in contact with anhydrous sodium sulphate and distilled. Benzyl 
alcohol is collected at 204 — 206® — ^37ield about 8 — 10 g. 

Acidifleation of the aqueous layer from the ether extraction precipitates 
benzoic acid, which is collected by filtration and recrystallised from hot water, 
m. p. 121° — ^yield 9 — 10 g. 

Alkyl, alkoxy-, and kalogen-substituted benzaldeliydes also give 
this reaction. Nitrobenzaldehydes also suffer dismutation under 
the influence of aqueous alkali, but at the same time other reactions 
may occur if the alkali is too concentrated (Maier, Ber.^ 1901, 34, 
4132). Hydroxy aldehydes apparently do not undergo the Canniz- 
zaro reaction. 

Preparation of m-Nitrohenzyl Alcohol, — w-Kitrobenzaldehyde (5 g.) is 
added to a solution of 2-5 g. of potassium hydroxide in 15 c.c. of water and the 
mixture kept overnight. The mixture is then saturated with carbon dioxide 
and extracted with ether. Evaporation of the ether furnishes m-nitrobenzyl 
alcohol, m. p. 27° (Becker, Ber., 1882, 15, 2090 ; Thorp and Wildmau, J. Arner. 
Chem. Soc., 1915, 37, 373). 

The Cannizzaro reaction is not confined to the aromatic series. 
Aldehydes which by virtue of their structure are unable to yield 
products of the aldol type undergo dismutation readily (Lieben, 
Monatsh., 1901, 22, 289; ISTeustMter, ibid., 1906, 27, 903). Form- 
aldehyde, the simplest of these, furnishes methyl alcohol and a 
formate when treated with aqueous alkali. Other aldehydes 
behaving similarly are furfuraldehyde (Schiff, Annalen, 1891, 261, 
255; Wissell and ToUens, ibid., 1893, 272, 292) ; a-hydroxymethyl- 
aa-dimethylpropaldehyde (Wessely, Monatsh., 1901, 22, 66) ; 

oc-methyl-a-hyflroxymethyl-? 2 --butaldehyde (Neustadter, Annalen, 
1907, 351, 295) ; a-hydroxyisobutaldehyde (Franke, Monatsh., 1896, 
17,666; 1900,21,1122). v , 

Apparently, most aldehydes are able to undergo dismutation if the 
conditions are suitable. Aqueous alkali favours the aldol condens- 
ation of aldehydes of the type R’CHg’CHO, rather than the Canniz- 
zaro reaction, but even using this reagent it has been possible to 
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show that with acetaldehyde dismutation occurs to a small extent 
(Hammarsten, Annaien, 1920, 420, 262). A similar observation has 
been made by W. H. Perkin, jim. (Ber., 1882, 15, 2803; 1883, 
16, 210), with oenanthaldehyde. 

If the aldehyde has a comparatively slight tendency to aldol 
formation, conditions may be arranged so that the Cannizzaro 
reaction occurs to a considerable extent. Thus ^'sobutaldehyde, 
which 37iel(is a mixture of isobuty-rate, the aldol, and its dismutation 
products by the action of aqueous sodium hydroxide, is converted 
largely into ^sobutyl alcohol and i^obutyrate by heating with 
aqueous baryta in a sealed tube (Lederer, Monatsh., 1901, 22, 536). 

The dismutation of ahphatie aldehydes takes place readily and 
smoothly under the influence of suitable animal tissues, such as 
liver or spleen (BateUi and Stem, Biochem. Z.^ 1910, 28, 145; 
Parnas, ihid,^ 1910, 28, 274). Undoubtedly, the most satisfactory 
method for the dismutation of aliphatic aldehydes consists in treat- 
ing them with aluminium or magnesium alkoxides. Under the 
influence of these substances acetaldehyde is converted into ethyl 
acetate; i^obutaldehyde furnishes iaobutyl ^sobutyrate; chloral 
yields the trichloroethyl ester of trichloroacetic acid (Tischtschenko, 
J. Phys, Chem. /Soc., 1906, 38, 355). 

2CH3-CHO — CHg-CO-OCaHg. 

Aluminium alkoxides appear to be the most effective for this re- 
action, and if used in xylene solution, the proportion reqimed to 
complete the change in acetaldehyde is only about 3% of the weight 
of the aldehyde (Child and Adkins, J, Amer, Chem. Soc., 1923, 45, 
3013; 1925,47,798). . 

j (c) Acyloih Condensation. — ^The best-known example of this 
reaction is the formation of benzoin from benzaldehyde imder the 
influence of potassium cyanide : 

2Ph*CHO Ph-CO-CHOH-Ph. 

B reparation oj Benzoin. — A znixture of benzaldehyde (10 g.), 25 c.c. of 
alcohol, and 2 g. of potassium cyanide dissolved in 5 c.c. of water is boiled 
on a water-bath under reflux for 1 — 2 hours. It is then cooled slowly, and the 
benzoin which separates out is collected by filtration and washed with a little 
ice-cold alcohol. It crystallises from alcohol as white needles, m. p. 137® 
(Zinin, Annalen, 1840, 34 , 187; Zincke, ibid., 1879, 198 , loO, footnote). 

This reaction has been applied to the preparation of acyloins from 
o- and ^-tolylaldehydes, and halogen and alkoxy-substituted 
benzaldehydes (compare Buck and Ides, J. Amer. Chem. 8oo., 1932, 
54, 3302), -and furfuraldehyde. 

Preparation of Anisoin . — mixture of 10 g. of anisaldehyde, 12 g. of 
alcohol, 8 c.c. of water, and 2 g. of potassium cyanide is heated under reflux 
for 2 hours. A further amount of 2 g. of potassium cyanide is then added 
^nd the heating continued for 1 — 2 hours. 

The solution is then allowed to cool, while it is shaken vigorously. Anisoin 
M 
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c:^stallises out, is collected, "washed with water, and purified by crystallisation, 
from alcohol (Bosler, 1881, 14, 327). u v j ^ on ^ 

Preparation of Furoin . — mixture of furfuraldehyde (40 g.), 80 c.c. of 
water, and 30 g. of alcohol is heated under reflux with 4 g. of potassium 
cyanide for 30—40 minutes. The reaction is then rendered faintly acid with 
acetic acid and cooled. Furoin separates out as a crystalline mass. It is 
collected by filtration, washed with water, and then with aqueous methyl 
alcohol to remove as much as possible of the colouring matter. It is purified 
by crystallisation from methyl alcohol after boiling with decolorising charcoal, 
and finally from a mixture of toluene and alcohol, m. p. 135° (E. Fischer, 
Arvnaleriy 1882, 211, 218; Hartmann and Dickey, J. Amer. Chem. /Soc., 1933, 
55, 1228)— yield 20—30 g. 

The mechanism of this reaction and the part played by the cyanide 
are discussed by Lapworth (J., 1903, 83, 1004); compare Nef 
{Annalen, 1897, 298, 312), 

(d) Doebner's Reaction . — ^The condensation of aldehydes with 
primary aromatic amines in presence of pyruvic acid to yield cin- 
chonic acids is sometimes employed for the characterisation of 
aldehydes (Doebner, Ber., 1894, 27, 352 ; Annalen, 1887, 242, 265). 



2 + CHg-CO-CO^H + R-CHO 


N 



COgH 


For this test, (3-naphthylamine is frequently used because the 
alkyl naphthaquinolines obtained by heating the cinchonic acids are 
mostly crystalline. It should be noted that in the absence of an 
added aldehyde, the pyuruvic acid may give sufficient acetaldehyde 
to yield a-methylnaphthacinchonic acid, m. p. 310°, furnishing 
p-naphthaquinaldine, m. p. 82°, on heating. 

The following general conditions serve for the preparation of 
p-naphthacinchonic acids. 


Pyruvic acid is mixed with a slight excess of the aldehyde in absolute 
alcohol and 1 mol. prop, of j3-naphthylamine. After heating for several 
hours on the water-bath, the crude naphthacinchonic acid which separates 
is purified by washing with ether and crystallisation from hot alcohol. It may 
also be necessary to free it from neutral substances by solution in dilute am- 
monia before crystallisation (compare Borsche, Her., 1908, 41, 3884). 

(e) Polymerisation . — ^The aliphatic aldehydes show a marked 
tendency to polymerise under the influence of suitable catalysts, 
small amounts of sulphuric acid, dry hydrogen chloride, sul- 
phur dio-xide, or zinc chloride. If one of these be added to acet- 
aldehyde, a noticeable rise in temperature occurs — the aldehyde 
boils and a liquid is produced having physical properties quite 
distinct from acetaldehyde. The pure product has, moreover, no 
aldehydic reactions, since it is indifferent to S duff’s reagent, to 
phenylhydrazine and hydroxylamiae, and to ammoniacal silver 
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nitrate. Its molecular "weight corresponds to the formula (CH3*CHO)3. 
This polymer of acetaldehyde, paraeetaldehyde, is formulated thus : 

OH3 

o<8i;=§>cH-cH, 

CH3 

It is reconverted into monomeric acetaldehyde by distillation with a 
small amount of sulphuric acid (p. 147). Apparently tmder the 
influence of a catalyst equilibrium is established between acet- 
aldehyde and its polymer (Turbaba, Z. phys, Chem., 1901, 38, 505; 
HoUmann, Md., 1903, 43, 129). 

If the polymerisation of acetaldehyde is effected at low temper- 
atures — below 0° — by dry hydrogen chloride or sulphuric acid, a 
solid polymer, metacetaldehyde is obtained. It is readily freed 
from paraeetaldehyde, which is produced at the same time by 
flltration (Kekule and Zincke, A7i7ialeni 1872, 162, 146). Measure- 
ments of the molecular weight of metacetaldehyde have so far 
yielded no concordant results, and presumably the values are 
vitiated by association and perhaps by dissociation also (compare 
Hantzsch and Oechslin, JBer., 1907, 40, 4341). Metacetaldehyde, 
like paraeetaldehyde, displays none of the reactions of substances 
containing an aldehyde group. It is presumably an ether-like 
compoimd, but no definite structural formula has yet been accepted. 

Under similar conditions the homologues of acetaldehyde yield 
a para and a meta series of polymers (see Francke and Wozelka, 
MonatsTi., 1912, 33, 349 ; Francke and Hinterberger, ibid., 1923, 43, 
659 ; Orndorff, Amer. Chem. J., 1890, 12, 353). 

The higher homologues (from upwards) are stated to poly- 
merise spontaneously on keeping, but the polymerisation is acceler- 
ated by the presence of bisulphite or acid (Blaise and Guerin, Bull. 
Soc, chim., 1903, [hi], 29, 1202; le Sueur, J., 1904, 85, 833; 1905, 
87, 1892 et seq.). Hexahydrobenzaldehyde is also stated to poly- 
merise spontaneously. A similar behaviour is observed with some 
of the halogen-substituted aliphatic aldehydes, but here the action 
is catalysed presumably by the formation of traces of halogen 
hydride (H. Hibbert and Hill, J. Amer. Chem. Soc., 1923, 45, 743 ; 
Grabowski, Bar., 1875, 8, 1436). Their polymerisation is, however, 
assisted by the presence of an added catalyst such as sulphuric acid 
or hydrochloric acid (compare Kolbe, Annalen, 1845, 64, 183, 
foofTiote; Jacobsen, Ber., 1875, 8, 88; Grimaux and Adam, Bull. 
800 . chim., 1881, [ii], 36, 23, 136). 

Formaldehyde polymerises to yield a variety of products. 
Evaporation of its aqueous solution gives paraformaldehyde, an 
amorphous solid containing loosely combined water. Polymers are 
formed also by the action of sulphuric acid on aqueous solutions of 
formaldehyde, which are known as a-, p-, y-, or 3-poly oxy-methylenes. 
Another, a crystalline form, trioxymethylene, has also been described. 
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and is prepared by sublimiag any of the polyoxymethylenes into 
water. These pol5nners are represented by Staudinger as long 
chsiins of formaldehyde molecules, •0‘CH2‘0"CH2"{0‘CH2)n’0’CIl2'. 
The chemical differences observed with the different polymeric 
modifications are attributed to different terminal groupings. Thus 
a-polyoxymethylene is formulated as 

y-polyoxymethylene as CH30*CH2*0*(CH20*);i*CH20*CIl3 (Staud- 
inger, Ber., 1920, 53, 1073 ; Staudinger, Johner, Liithy, and Signer, 
AnTialen, 1929, 474, 155). 

Amorphous polymers can be obtained from other aldehydes. 
Chloral yields a solid substance tinder the influence of sulphuric acid. 
Ey the action of py’ridine or trimethylamine upon chloral a poly- 
meride is obtained having indefinite physical properties (V. Meyer, 
and Bulk, Annalen, 1874, 171, 76; Boeseken and Schimmel, Rec. 
trav. chim., 1913, 32, 112, 128). Most aliphatic dialdehydes poly- 
merise more or less easily to glassy soHds (Baeyer and Villiger, 
Ber.j 1897, 30, 1963; Harries, ibid., 1902, 35, 1184; Harries and 
Tank, ibid., 1908, 41, 1705; Harries and Temme, ibid., 1907, 40, 
167; Wohl and Schweitzer, ibid., 1907, 39, 894; v. Braun and 
Danziger, ibid., 1913,46, 107). 

(f) Reaction with Diazomethane. 1. Aldehydes. — It was first 
reported by Schlotterbeck {Ber., 1907, 40, 479 ; 1909, 42, 2561) 
that aldehydes react with ethereal solutions of diazomethane 
to give ketones as the final product. Thus benzaldehyde gave 
97% yield of acetophenone; oenanthaldehyde furnished methyl 
hexyl ketone in 73% yield (compare H. Meyer, Monatsh., 1905, 
26, 1300). He extended the reaction {Ber., 1909, 42, 2565) to 
diazoacetic ester, which was found to react with aldehydes to yield 
P-keto-esters. 

More recent investigations have shown that the general reaction 
of aldehydes with diazoinethane is more complex, and can be 
represented as follows : 

^ R-CO-CHa -f Ng. . {a) 

/ 

R-CHO + CHgN-g R-CH— CH2 + Ng . . {h) 

^ R-CHa-CHO + Nj . . . (c) 

(Arndt and Eistert, Ber., 1928, 61, 1118). 

The formation of the higher aldehyde indicated by (c) usually 
occurs to only a small extent. The principal products are those 
resulting from reactions {a) and (6). The relative proportion of the 
products is dependent on the aldehyde used and to some extent on 
the presence of certain promoters. Thus the relative proportions 
oi (at), (S), and (c) obtained from p-nitrobenzaldehyde are approxim- 
ately 9 : 13 : 1, while if methyl alcohol is present the proportions 
are 4*5 : 6 : 1 (Arndt, Eistert, and Ender, Ber., 1929, 62, 44). 

This reaction has been apphed to a number of aldehydes such as 
chloral, dibromopropionaldehyde, o-nitrobenzaldehyde. 



KETONES 


165 


2. Ketones . — ^Perfectly dry acetone is indijEFerent to diazomethane. 
If water is present, however, reaction occurs readily with the form- 
ation of an ethylene oxide as the principal product, together with 
small amounts of diethyl ketone and methyl ethyl ketone (Meerwein 
and Burneleit, Ber., 1928, 61, 1840). Ethyl alcohol, a dilute aqueous 
solution of Hthium chloride, or formamide may be used instead of 
water for catalysing the reaction (Meerwein, Bersin, and Bumeleit, 
Ber., 1929, 62, 999). Its mechanism according to Meerwein and his 
co-workers is as follows : 


CH3-CO-CH3 


[(CH3),C<®^ 


CH,— k 


Y 


/ 0 \ 
(CH3),C CH., 


> CHa-CHg-CO-CHj 


It is interesting to note that the explanation of the reaction of 
diazomethane with acyl chlorides and aldehjT-des advanced by ■ 
Bradley and Robinson (/., 1928, 1314) to cover the facts of the re- * 
action as then known can be apphed with httle modification to * 
account for the more recently discovered facts. 


(3) Special Reactions of Ketones. 

(a) Alkylation of Ketones . — ^It was found by Nef {Annalen, 1900, 
310, 316) that acetophenone or acetone when heated at 100® with 
powdered potash and an alkyl iodide underwent alkylation at the 
carbon atom adjacent to the carbonyl group. The technique was 
subsequently improved by Claisen, who used an ethereal solution 
of the ketone and substituted sodamide for potash [Ber., 1905, 38, 
697). If chloroacetic ester be used instead of alkyl hahdes in this 
reaction, glycide . esters result (XXVII) (Claisen, Ber., 1905, 38, 
702). The scope of this reaction has since been explored by Haller 
and his co-workers. It has been employed for the introduction of 
alkyl groups into cyclic ketones such as c^/cZohexanone and its homo- 
logues, ci/cZopentanone and methylcycZopentanone ; into such ali- 
phatic ketones as diethyl ketone and di 2 sopropyl ketone ; into aceto- 
phenone and its homologues, and into benzoylc?/cZopropane (Haller, 
Gompt. rend., 1913, 156, 737, 1199; 157, 179; HaUer and E. Bauer, 
Ann. Chim., 1913, [viii], 29, 313; HaUer and E. Bauer, Compt. 
rend., 1914, 158, 825; Haller and Cornubert, ibid., pp. 298, 
1616; HaUer and Benoist, Ann. Chim., 1922, [ix], 17, 25). The 
result of the reaction is to replace one or more of the hydrogens 
attached to the carbon atoms adjacent to the carbonyl group by 
alkyl groups. Acetophenone yields as the final product of methyl- 
ation, phenyl ZerZ.-butyl ketone (XXV). Phenyl undecyl ketone 
gives (XXVT). cycZoHexanones give alkylcycZohexanones of the 
type (XXVTII), and by using methyl iodide it is also possible to 
introduce alkyl groups into the para position with respect to the 
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carbonyl group. Tbe substitution can also be regulated so that 
fewer alkyl groups are introduced. 

iiacv.) Pb-CO-CMca Pb-CO-CM:e2*(CB:2)9-OH:3 (xxvi.) 

(XXVII.) ;|^><>^H:-C02Et 

!For tlie appKcation of this reaction to the synthesis of substituted 
tetrahydropyridines see Haller and Ramart-Lucas {Ann, Chim., 
1917, [ix], 8, 5). 

. J (b) Fission of Ketones, — ^Ketones having the carbonyl group be- 
tween two tertiary carbon atoms — as in (Me)3C*CO*C(Me)^3 or 
Ph‘CO*CMe3 — are split into a mixture of hydrocarbon and amide 
by boiling with sodamide in benzene or toluene. Thus Ph-CO'CMeg 
yields benzene and MegC^CO'I^HIg ; MegC'CO'CMeg gives Me3C*CONH2 
and Me3CH. Unsymmetrical aliphatic ketones undergo fission 
in two directions, yielding in general a mixture of two amides 
and two hydrocarbons (Haller and Bauer, Compt. rend,, 1909, 
148, 127; 1909, 149, 5). Under slightly different conditions the 
aromatic ketones, benzophenone, phenyl p-tolyl ketone, or phenyl 
p-anisyl ketone, yield a mixture of benzamide and the appropriate 
amide. Pluorenone, on the other hand, is decomposed directly 
to give the amide of diphenyl-o-carboxylic acid (Haller and Bauer, 
Gompt, re'tid,, 1908, 147, 824). 

An interesting type of reaction of the aryl alkyl ketones was 
discovered by Willgerodt. Acetophenone heated at 200 — 220° 
with yellow ammonium sulphide yields a mixture of the amide 
and the ammonium salt of phenylacetic acid. Phenyl ethyl ketone 
behaves similarly, and so do its homologues, although the yield 
becomes smaller with increasing length of the alkyl group, until with 
C5 and Cg alkyl phenyl ketones the yield of amide and ammonium 
salt is very smaU. The best yields are obtained with the methyl 
aryl ketones, and may reach 50%. 

A number of other products are formed in this reaction. Re- 
duction of the carbonyl group occurs to some extent, and with aceto- 
phenone appreciable amounts of 2 : 4- and 2 : 5-diphenylthiophenes 
are formed (Willgerodt and Scholtz, J, pr, Chem,, 1910, [ii], .81, 
384; Willgerodt and Hambrecht, ibid., 1910, [ii], 81, 74; Will- 
g^odt and Merk, ibid., 1909, [ii], 80, 192; Willgerodt, ibid., 1909, 
[ii], 80, 183). Wi^^ phenyl alkyl ketones containing long side- 
chams some fission to salts of ahphatic acids has also been 
observed. 

(c) Internal Oondensation of Alkyl Benzophenones . — ^Homologues 
of benzophenone containing a methyl group in the or^Ao -position 
uudergo a curious change on heating under reflux. 
Alkyl-substituted anthracenes are formed (Elbs and Larsen, Ber., 
1884, 17, 2847; Elbs, J. pr, CJie^n., 1886, [ii], 33, 185; 1887, 35, 
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465; Elbs and Olberg, Ber., 1886, 19, 408; Morgan and Ckjulson, J., 
1929, 2203). 

Mon of 2 : 7~Dmeth^Ianthracene.—p-Tolyl 4-m-xylyl ketone is 
boiled under reflux for 6 hours. On cooling, a thick crj^stalline precipitate 
of 2 : 7-dimethyIanthracene separates, and is freed from unchanged ketone by 
washing with ether. Purther amounts of dimethylanthraeene are obtained 
by subjecting the recovered ketone to further treatment. 

The crude 2 : 7-dimethylaRthracene is purified by sublimation and crystall- 
isation from carbon disulphide and glacial acetic acid. It is obtained as 
rhombic flakes, m. p. 241°^ having a purple fluorescence (Morgan and Coulson, 
loc. cit.), 

(d) Formation of i&oNitroso Ketones. — Submitted to the action of 
nitrous acid, ketones of the general formula RCHg'CO-R' yield an 
^5onit^oso-de^ivative as the first product 

R'-CHg-CO-B + HNO 2 — R-CO-C<§oH + 

The nitrous acid for this purpose is best generated by the use of 
amyl nitrite and hydrochloric acid (Ciaisen, Ber., 1887, 20, 262; 
Claisen and Manasse, ibid.^ 1889, 22, 526), The action of nitrous 
fumes on the ketone also results in the formation of an ^*5onitroso- 
compound, hut the reaction is more difficult to regulate, and con- 
siderable proportions of other products are generally obtained 
(Sandmeyer, Ber., 1887, 20, 639; Behrend and Tryller, Awnal^n, 
1894, 283, 244). 

tsolsritroso-compouiids also result by reaction of a suitable ketone 
with an alkyl nitrite in alcoholic solution in presence of sodium 
ethoxide (Claisen, Ber., 1887, 20, 666 ; Claisen and Manasse, ibid., 
p. 2194 ; 1889, 22, 626, 530 ; Annalen, 1892, 273, 71). 

Preparation of isoNitrosoetJiyl Methyl Ketone. — ^Amyl nitrite (1 1.) is added, 
over a period of 1 hour, to a mechanically stirred mixture of 850 c.c. of methyl 
ethyl ketone and 30 c.c, of concentrated hydrochloric acid. The temperature 
of the reaction mixture must be kept below 50° throughout the whole operation . 

When all the nitrite has been added, 800 g. of crushed ice are added with 
800 g. of 33% sodium hydroxide, and the whole mixture is shaken vigor- 
ously for an hour. The amyl alcohol which, has been liberated during this 
operation is removed by three or four extractions with ether. The alkaline 
aqueous solution is acidified by the addition of dilute sulphuric acid, the tem- 
perature being kept below 10° by the addition of ice. 

A crystalline past© of the isonitroso -compound and sodium sulphate results. 
It is washed with a little water and then melted. The crude product is thus 
obtained as a crystalline cake after cooling, which can be separated from the 
inorganic salts (Diels and Jost, Ber., 1902, 35, 3292). 

(4) Special Reactions of Dicarbonyl Compounds. 

The most important types of these compounds are I : 2-di- 
ketones with the grouping R*CO*CO*R ; 1 : 3-diketones formulated 
as R-CO’CHg'CO’R ; 1 : 4-diketones of the general formula 

R*C0*CH2*CH2*C0*R. Some 1 : 5- and 1 : 6-diketones are also known. 
In the foUowing paragraphs the more outstanding reactions of the 
different types of dicarbonyl compounds are reviewed. 
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(a) 1 : 2-Difeetomes.— These behave normally towards hydroxyl- 
amine and semicarbazide yielding mono- and di-oximes and semi- 
carbazones (Posner, Ber., 1901, 34, 3973). With phenylhydrazine, 
dihydrazones or osazones are formed. 

A characteristic reaction is the formation of quinoxalines by 
condensation with 1 : 2-diamines. When this reaction is used for 
the characterisation of 1 : 2-diketones, a solution of the substance 
in alcohol or acetic acid is warmed with the equivalent amount of 
o-phenvlenediamine or tolvlene-o-diamine (Hinsberg, Annalen, 1886, 
237, 327) (see p. 294). 


/\,NH, o:c-R 

I^nh; o:c-r 


'^9R ^ 2H„0 


Treatment of benzil with aqueous or aqueous alcoholic potash 
results in the formation of a salt of benzilic acid (I) (Liebig, 
Annalen, 1838, 25, 27; Zinin, ibid,, 1839, 31, 329). 

Ph-CO-CO*Ph + KOH — >• Ph2C{0H)-C02K (I). 

Preparation of Benzilic Acid. — ^Benzil (35 g.) is added to a solution of 35 g. 
of potassium hydroxide in a mixture of 70 c.c. of water and 70 c.c. of alcohol. 
An intensely dark blue solution is obtained. It is heated under reflux for 10 
minutes and then transferred to a dish and kept over -night. The crystalline 
deposit of potassium benzilate which has formed is collected by filtration, 
washed with a little alcohol, and dissolved in 300 c.c. of water. Benzilic 
acid is precipitated by the gradual addition of concentrated hydi'cchloric acid. 
It is advisable to filter off the sticky brown precipitate which is formed by adding 
the first few drops of acid. The subsequent addition of acid to the filtrate 
gives a very pale precipitate, which is collected by filtration, "washed with water, 
dried on porous earthenware, and finally crystallised from benzene, m. p. 
150° — ^yield 27 — 30 g. (Adams and Marvel, Organic Syntheses, 1921, 1, 29). 

This reaction, usually referred to as the benzilic acid rearrange- 
ment, is given by a number of alkyl- and alkoxy-derivatives of benzil 
(Bosler, Ber., 1881, 14, 326; Gattermann, Annalen, 1906, 347, 364). 
Phenanthraquinone under somewhat similar conditions furnishes 
9-hydroxyfluorene 9-carboxylic acid (II) (Baeyer and Fried- 
lander, Ber., 1877, 10, 125; Friedlander, ibid., p. 534). Some 
bromo- and nitro-derivatives of phenanthraquinone behave similarly 
(J. Schmidt and K. Bauer, Ber., 1905, 38, 3730; Schmidt and Soil, 
ibid., 1908, 41, 3691). 

Preparation of 9 -Hydroxyflzcorene-^ -carboxylic Acid. — Phenanthraquinone 
(-^ g.) is heated on a water-bath with 1 litre of 2-A^-sodium hydroxide for 
IJ hours. The excess of sodium hydroxide is neutralised exactly, the tarry 
matter filtered off. and the filtrate aniHi-fieH olTY^nctt ■rmT*A ifl 
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ated. It separates from hot water in a hydrated form with JHgO of crystallis- 
ation, which is lost by drying at 105°. The anhydrous acid melts at 166° 
(Staudinger, Ber., 1906, 39, 3062). 

The benzilic acid change occurs less frequently in the aliphatic 
series owing to the readiness with which condensations of the aldol 
type occur. Thus diacetyl and its immediate homologues yield 
^-quinones as the final product of the action of alkali (v, P^echmann, 
Ser., 1888, 21, 1411). 


2CH3-CO-CO-CH3 — 


CHg-p-CO-CHg 

CH-CO-CO-CH3 CH-CO-C-eHs 


Nevertheless, there are recorded examples of the benzOic acid 
rearrangement of -aliphatic substances. Thus ketipinic acid (III) 
yields citric acid on boiling with aqueous potassium hydroxide 
(Franzen and F. Schmitt, Ber., 1925, 58, 222). 


9H2-C02H CHg-CO^H 

CO KOH 1 ^OH 

90 — ^ y^co^H 

CHa-COgH CHg-COaH. 

(in.) 


(9H,)7-CH3 

90 

90 

(CH2)7-C02H 

(IVO 


(9H2)/CH3 


KOH 
^ 




OH 

CO2H 


H2)/C02H 

(V.) 


Diketostearic acid (IV) is converted into a-hydrox3’’-a-ootylsebacie 
acid (V) by heating with potassium hydroxide at 160® (Nicolet 
and Jurist, J. Amer.^hem. Soc., 1922, 44, 1136). 

/ An interesting application of the benzilic acid change is the 
conversion of cycZohexane derivatives into derivatives of cyclo- 
pentane. Thus 1 : 2-C2/cZohexadione (VI) yields cycZopentane 
l-hydroxy-l -carboxylic acid (VII) by the action of aqueous 
potassium hydroxide. In this reaction the diketone need not be 
isolated. It is an intermediate product of the action of alkali on 
dibromoc^/cZohexanone . 




H2C— CHg'^^COgH 


(VII.) 


As the cycZopentanol carboxylic acid loses the elements of formic 
acid by treatment with sulphuric acid and lead peroxide to furnish 
cycZopentanone, the reaction is an important one. It has been 
used for the preparation of a number of alkyl-substituted cyclo- 
pentanones (Wallaeh, Annalen^ 1916, 414, 296; 1924, 437, 148). 
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(b) 1 : 3-Dihetones . — This class of compound includes acetyl 
acetone, and benzoyl acetone, Ph-CO'CHg'COUHg. The keto-enol 
tautomerism and the behaviour on aD^ylation have been referred to 
in previous sections (pp. 103, 157). 

One of the outstanding reactions of these compounds is the ease 
with which they yield cyclic compounds by the action of hydroxyl- 
amine or of hydrazines. With hydroxylamine, ^’sooxazoles (VIII) 
result, presumabty through the intermediate formation of a mon- 
oxime, which in its enolic form splits off water (Claisen, jBer., 1891, 
24, 3900; Dunstan and Dymond, J., 1891, 59, 428). 


CH 

R-q-CHg-CO-R R*q-CH:=9-R 

N-OE N-OH OH R-p p-R 

]sr — 0 (VIII.) 


Preparation of 3 : 5-Dimethylisooxazole . — ^Hydroxylamine sulphate (45 g.) 
and potassium carbonate (39 g.) are added successively to a solution of 50 g. 
of acetyl acetone in 800 c.c. of water. The mixture is heated under reflux 
for about hours. The supernatant oil is then removed and the aqueous 
layer extracted with ether. After drjdng, the combined oil and ether extracts 
are fractionated. HimethyKsooxazole is collected at 140 — 142° as a colourless 
liquid (Combes, Ann. Chim. Phys.^ 1887, [vi], 12, 215; Morgan and Burgess, 
1921, 119, 699). 


With phenylhydrazine an analogous condensation occurs with 
the formation of a pyxazole (IX) (ifiiorr, Annalen, 1887, 288, 139). 


r*P-ch:c-r' 
li OE 
X-XHPh 


R.p- 

N 


-pH 

CR' 


NPh 


(IX.) 


Semicarb azide appears to react in a similar manner (Posner, JBer., 
1901, 34, 3982). 

1 : 3-Diketones have found application in the synthesis of some 
bei^opyrylium salts. Di- and tri-hydric phenols such as resorcinol, 
orcinol, pyrogallol, and phloroglucinol condense with acetyl acetone, 
benzoyl acetone or other 1 : 3 -diketones under the influence of dry 
hydrogen chloride to furnish benzopyrylium salts (Biilow and H. 
Wagner, Ber., 1901, 34, 1189, 1786; Biilow and v. Sicherer, ibid., 
p. 2368; Biflow and Grotowski, ibid., 1902, 35, 1519; Biilow and 
Deiglmayr, ibid., 1904, 37, 4528; Biilow and Deseniss, ibid., 1906, 
39, 3664). 

(c) 1 : ^-Dpcetones . — ^The behaviour of 1 : 4-diketones towards 
hydroxylamine, and, in general, reagents for the carbonyl group, 
appears to be normal (Posner, loo. cit. ; compare, however, T. Gray, 
J., 1901, 79, 683). ’ r y > j. 

These ketones exhibit a strong tendency towards the formation 
of eychc compounds. With ammonia and primary and secondary 
amines, derivatives of pyrrole are formed (Knorr, Ber., 1885, 18, 
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299; 1886, 19, 46 ; C. Paal, ibid., 1885, 18, 367, 2251 ; Lederer and 
Paal, ibid., p. 2591). TJius acetonyl acetone (X), heated at 150° 
with alcohohe ammonia, yields dimethylpyrrole (XI). 

^ CH,.C0-CH3 _ CH=C-CH3 

CH^ 

P.S, 

CH=:C-CH3 CH=C-CH3 

(XII.) >S I >0 (xni.) 

' CH=C-CH3 CH=:C'CH3 

Acetonylacetopkenoiie behaves similarly, as do 1 : 4-diketomc esters 
such as acetophenone acetoacetic ester, 

Ph-CO-CHg-CHa-CO-CHa-CO^Et, 

and diacetylsuccinic ester. The latter ester reacts smoothly merely 
by treating it with concentrated ammonia. The reaction with this 
ester can be accomplished by warming with a suitable amine in an 
excess of acetic acid. This method has been suggested for the 
detection of 1 : 4-diketones. The procedure is as follows. 

To a small amount of the substance dissolved in acetic acid is added a solution 
of ammonia in an excess of acetic acid. The mixture is boiled for J minute, 
then acidified with dilute sulphuric acid and again boiled. A pine splinter 
moistened with hydrochloric held in the vapour assumes a red colour due to 
the liberation of a pyrrole, if the original substance is a 1 : 4-diketon©. 

These diketones furnish thiophene derivatives (XII) by treat- 
ment with phosphorus pentasulphide, while dehydration leads to 
derivatives of furane (XIII) (Paal, loo, cit. ; Paal and Lederer, 
loo. cit.). 


>NH (XI.) 

•CO-CHg CH=C-CH3 



(5) Hydroxyaldehydes and Ketones. Carbohydrates. 

This oToup includes benzoin (I), acetoin (II), acetyl carbinol (III), 
glycoUaldehyde (IV), aldol (V), as well polyhydroxyaldehydes 
and ketones such as glyceraldehyde (VI), dihydroxyacetone (VII) 
and the reducing sugars. 

Ph-CO-CH(OH)*Ph CH3*C0-CH(0H)*CH3 CH3-C0-CH2(0H) 

(I.) (II.) (in.) 

CH2(0H)-CH0 CH3-CH(0H)-CH2-CH0 

(IV.) (V.) 

CH2(0H)-CH(0H)-CH0 CH2(0H)-C0-CH2(0H) 

(VI.) (VII.) 

In these compounds the presence of the carbonyl group can be 
recognised by its reduction to >CH(0H) and by the formation of 
oximes, semicarbazones, and phenylhydrazones. Those hydroxy- 
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aldehydes and ketones which contain a primary or secondary 
hydroxyl group can he converted under suitable conditions to 
dicarhonyl compoimds. 

(a) a-Hydroxyaldehydes and Ketones.— Those having a primary 
or secondary hydroxyl group are converted by the action of an excess 
of phenylhydrazine into osazones, the normal monophenylhydrazone, 
which is first formed, being oxidised by the excess of phenyl- 
hydrazine to a ketohydrazone, which then yields the osazone. 


R9=:N*NHPh 

R'CH(OH) 


2PhNH-NH2 


RQzi:N-NHPh 

R'C=:N-NHPh 


+ PhNHg + HgO + NH3 


This behaviour appears to be a general one. It is also given by 
polyhydroxyaldehydes and reducing sugars. The reaction is fre- 
quently used for the diagnosis and identification of a-hydroxy- 
compoimds. 

This reaction is an example of the ease with which a-hydroxy- 
carbonyl compounds undergo oxidation. Thus they are oxidised 
by Fehling’s solution with the precipitation of cuprous oxide. 
Presumably, the corresponding 1 : 2-dicarbonyl compound is formed, 
but with aliphatic compounds further reactions occur so rapidly 
that the method is not practicable for the preparation of aliphatic 
1 : 2-diketones (compare Nef, Annalen, 1904, 335, 269). It succeeds, 
however, with benzoia and its analogues. Indeed, the oxidation 
of benzoin to the corresponding diketone, benzil, can be effected 
under a variety of conditions, which are inapplicable to purely 
aliphatic a-hydroxyaldehydes and ketones. Thus among the oxidis- 
ing agents which have been used for this purpose are chlorine 
(Laurent, Annalen, 1836, 17, 91), nitric acid (Zinin, ibid., 1840, 34, 
188), aerial oxidation in presence of aqueous alkali (Klinger, Rer., 
1886, 19, 1868; E. Fischer, Annalen, 1882, 211, 221; Biltz and 
Wienands, ibid., 1899, 308, 8), chromic acid in acetic acid solution 
(Widman, Ber., 1881, 14, 610), aqueous alkaline permanganate 
(Irvine and Moodie, J., 1907, 91, 544). It should be noted, how- 
ever, that few of these methods are of general application, except 
Pehling's solution or copper sulphate in pyridine. Examples of 
these oxidations are here described. 


Preparation of Benzil . — mixture of benzoin (10 g.) and nitric acid [d 
1*4:, 17 c.c.) is heated on a water-bath in a flask fitted with an air condenser. 
After 2 hours the contents of the flask are poured into water. The yellow 
solid thus obtained is collected by filtration, washed with water, and crystall- 
ised from alcohol, m. p. 95® — ^yield 6 — 8 g. (Zinin, loc. cit.). 

Preparation of Anisil {4: 4i' -Dimethoxyhenzil) (1). — ^Fehling's solution is 
added to a solution of anisoin (10 g.) in 50 c.c. of boiling 70% alcohol till the 
solution remans permanently blue. An equal volume of water is then added, 
and the precipitate of cuprous oxide and anisil is collected by filtration and 
washed with water. Anisil is extracted from the dried precipitate with benzene . 
After concentrating the extract by distillation, anisil separates as needles, 
m. p. 133°— yield almost quantitative (Bosler, Ber., 1881, 14, 327 ; Biltz and 
Wienands, Annalen, 1899, 308, 8). 
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Preparation of Anisil (2). — ^Anisoin (1 g.) is heated on a water-bath with 
70 g. of 5% aqueous potassium hydroxide while air is drawn through the 
mixture. The anisoin melts to an oil, which gradually disappears, while 
anisil is gradually deposited on the sides of the flask as a crust of yellow 
crystals — ^yield 80%. 

The aqueous solution contains some anisilic acid which can be precipitated 
by the addition of mineral acid (Biltz and Wienands, loo. cit.). 

Preparation of Furil. — A. mixture of 158 g. of crystalline copper sulphate, 
210 g. of pyridine, and 90 g. of water is stirred mechanically and heated till 
it is homogeneous. Furoin (57 g.) is then added and the mixture stirred and 
heated for 2 hours. It is then poured into 1 1. of water and filtered. The black 
precipitate is washed with water till the washings are colourless, when it is 
extracted with oOO c.c. of cold methyl alcohol- Furil is isolated from the 
extract and purified by- crystallisation from methyl alcohol — ^yellow needles, 
m. p. 165 — 166°, yield 36 g. (Hartmann and Hickey, J. Amer. Chem. Soc,, 
1933, 55, 1228). 

The conversion of the aliphatic a-hydroxy-ketones into the 
corresponding diketones appears to he most conveniently effected by 
passing the vaporised hydroxy-ketone over reduced copper at 250 — 
270° (Bouveault and Loquin, Bull. Soc. chim., 1906, [iii], 35, 650). 
Nitric acid {d 1*37) has also been used for this purpose (Ponzio, 
J. pr. Chem.^ 1901, [ii], 63, 364), while aerial oxidation of acetoin 
to diacetyl has been observed (v. Pechmann and Dahl, J5er., 1890, 
23, 2421). 

GlycoUaldehyde and its immediate homologues are bimolecular 
in the crystalline state and when freshly dissolved in water. The 
monomeric form results on keeping the aqueous solutions (McCleland, 
J., 1911, 99, 1829). The crystalline forms of glyceraldehyde and 
dihydroxyacetone are also polymerised (Reeves, J., 1927, 2483). 
Some of the simple a-hydroxy-ketones are similarly polymerised. 
Polymerisation also occurs when some a-hydroxy-ketones are 
treated with methyl alcoholic hydrogen chloride, methyl ethers of 
the dimeric forms being produced (E. Fischer, Ber., 1895, 28, 1161 ; 
Nef, Annalen, 1904, 335, 257; Khng, Bull. Soc. cJiim., 1904, [iii], 
31, 683). 

It is of interest, in view of the behaviour of other hydroxy- 
carbonyl compounds (p. 174), to note that there is evidence that 
acetoin and similar a-hydroxy-ketones can react in a cyclic form. 
Kling {Bull. Soc. chim., 1906, [iii], 35, 209) has suggested that 
acetoin reacts as if it were an equilibrium mixture of the two forms 
(VIII) and (IX). 

CH3-C(0H)-CH-CH3 CH3-CH(0H)*C0-GH3 

(vm.) (IX.) 

(b) P-, y-, and B-Hy dr oxy aldehydes and Ketones. The best- 
known p-hydroxyaldehyde is aldol, a colourless syrup, which 
reduces Fehlmg’s solution and ammoniacal silver nitrate and yields 
a phenylhydrazone. It is fairly easily dehydrated to yield the 
unsaturated aldehyde — crotonaldehyde. Homologous p-hydroxy- 
aldehydes behave similarly if there is a hydrogen combined with 
the a-carbon atom. 
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Recently it has been shown that S- and y-hydroxyaldehydes 
probably exist as an equilibrium mixture of a cyclic form and the 
normal open- chain form. Thus while they are able to reduce 
ammoniacal silver nitrate and are oxidised under suitable con- 
ditions to the corresponding acids, they restore colour to Schiff’s 
reagent but slowly. Further, they yield hemiacetals instead of the 
expected normal acetals by treatment with methyl alcoholic 
hydrogen chloride. y-Hydroxyvaleraldehyde is thus formulated 


CH3-CH(0H)-CH2-CH2-CH0 
and its hemiacetal 




CH39H 9H0H 


CH„— CH, 


CH39H 9HOMe 
CH2—CH2 

^-Hydroxycapraldehyde is similarly represented 


o- 


-CHOH 


CHa-GHCOHj-CHs-CHa'CHa'CHO — CHgC 


Z \ 


CH, 


CHg— CHg 

(H^IfericIi, Sct., 1919, 52, 1123, 1800 5 Uelfericli and Lecher, ibid,, 
1921, 54, 930; Helferich and Gehrke, ibid,, p. 2640; Helferioh and 
Malkomes, ibid., 1922, 55, 702 ; Helferich and Kdster, ibid., 1923 
56, 2088; Helferich and Schafer, ibid., 1924, 57, 1911). ’ 

(c) Reducing Sugars . — Reducing sugars such as glucose (XI), 
mannose (Xll), or galactose (XIII) were formerly represented as 
I^ntahydroxyaldehydes, in consequence of their recfucing properties, 
their oxidation to the corresponding acids, their reduction to hexa- 
hydric alcohols, and their power to yield oximes, hydrazones, and 
cyanohy(fcins. These sugars diGfer from each other only in the 
spatial distribution of the —H and — OH groups ; 


9HO 

H-9*OH 

ho- 9 -h 

H-9-OH 

H-9*OH 

CHjOH 

(XI.) 


9HO 

HO-9H 

HO-9H 

H-9-OH 

H-9-OH 

CHoOH 

(xn.) 


9HO 

H'(J)-OH 

HO-9-H 

HO-9-H 

H-9-OH 

CHjOH 

(XIU.) 


C02H 

H-C-OH 

HO*9-H 

H-(p-OH 

H-9-OH 

CHjOH 

(XIV.) 


9H20H 

H-(p-OH 

HO-Cp-H 

H*(j!-OH 

H-(Jl-OH 

CHgOH 

(XV.) 


TlS^o-wfP aldehydes, however, is not complete. 

furmsh normal acetals by treatment with 
warm methyl alcohohc hydrogen chloride, but, instead, yield hemi- 
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aeetals. From glucose, a mixture of two stereoisomeric iiemiacetals 
or glucosides is formed, which, are distinguished by the prefixes «- 
and Both these compounds have no reducing properties, are 
stable to aqueous alkali, and are hydrolysed to glucose and methyl 
alcohol by dilute mineral acids. To account for these reactions, 
cyclic structures have been assigned to the a- and p-glucosides. 
It should be noted that the size of the ring structure can only be 
determined from a consideration of other evidence. Corresponding 
with the a- and p-glucosides there are two stereoisomeric forms of 
glucose also distinguished by the prefixes a- and P-. Many of the 
other reducing sugars are known in a- and p -forms and also have 
two series of glucosides derived from them. The following table 
summarises the physical constants of some of these. 



Pree sugar. 


Methylglucosid es . 



a-Ponn. 

^jS-Ponn. 

a-Ponn. 

)3-Porm. 


[a]D. 

[alD- 

[alD. 

M. p. 

[a]D. 

M. p. 

Glucose - 
Mannose . 
Galactose 

Xylose . 
i-Arabinose 

+ 111“ 

+ 35 
+ 144 
+ 92 

+ 54 (calc.) 

+ 17“ 

— 17 
+ 52 

20 (calc.) 
+ 174 

+ 158“ 
+ 82 
+ 179 
+ 153 

165—166“ 

193—194 

111—112 

90—92 

176 

—34“ 

0 

—65 

110“ 

178—179 

156 

116 


The a- and P-forms of the reducing sugars exhibit mutarotation 
in aqueous solution, both forms reaching a value which represents 
the equilibrium between the two forms. The glucosides, on the 
other hand, do not exhibit mutarotation. 

The experimental determination of the type of cyclic structure 
of the sugars is due to Haworth and his co-workers (Haworth, 
Constitution of Sugars, 1929). The normal forms of the reducing 
sugars have a six-membered ring, the hydrogens and hydroxyls being 
disposed above and below the mean plane of the ring. Combining 
this type of formula with the stereochemical structures worked 
out by E. Fischer, the following structures have been assigned to 
a-glucose (XVII) and p-glucose (XVI) : 


HO H 



H CHg-OH 


HO 

14 “ 


OH 


Ho^n 




(XVII.) 


H 


GHj-OH 


HO OH 

hoTT 

HO GHj-OH 


H OH 



H CHg-OH 


(XVIII.) 
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The difference between a- and p-forms of glucose is due to the 
relative dispositions of the hydrogen and hydroxyl about the carbon 
atom marked,* the reducing carbon atom. In the methyl glucos- 
ides, the hydroxyl group is converted into methoxyl, the a-glucosides 
being derived from a-glucose (E. F. Armstrong, J,, 1903, 

83, 1304). Similar conditions obtain in regard to the other 
reducing sugars, the formulae of some of the more common being 
displayed above — ^galactose (XVIII), mannose (XIX), xylose (XX), 
arabinose (XXI). Evidently these sugars and their derivatives 
must also exist in a- and p-forms, although experimental proof of 
this is not complete for every reducing sugar. 

Pre'paration of a- and ^-Methylglucosides (a- and ^-Methylgluoo'pyranose ), — 
A solution of anhydrous glucose (200 g.) in pure dry methyl alcohol (400 g.) 
containing approximately 12 g. of hydrogen chloride is boiled under reflux 
for 4J hours. About 5 g. of decolorising charcoal are added shortly before 
the heating is complete, when the mixture is filtered rapidly and cooled by an 
external bath of ice. a-Methylglucoside separates as a thick paste of crystals, 
which are filtered under suction after f hour. The filtrate is concentrated 
to about half its bulk and cooled in ice. A fmther amount of a-methyl- 
glucoside separates. 

The filtrate (A) is reserved for the isolation of )8-methylglucosid0. 

Both crops of crystals are combined and purified by crystallisation from 
methyl alcohol, m. p. 165 — 166®, [a] + 158°. The yield may amount to 
90 g. 

The filtrate (A) is cooled in a freezing mixture and nucleated with jS-methyl- 
glucoside. The crude product which separates is collected and purified by 
crystallisation from methyl alcohol, m. p. 110°, [a] — 32°, The yield may 
be about 5 g. 

The preparation of glucosides from acyl glucosyl halides is 
referred to later (pp. 179, 180). 

1. Oxidation , — ^By appropriate methods of oxidation, the aldoses 
are converted into monocarboxylic acids. This is generally 
accomplished by the action of chlorine or bromine on an aqueous 
solution of the sugar. Thus glucose furnishes gluconic acid, 
CH2(0H)-(CH-0II)^-C02H (Kihani, Annalen, 1880, 205, 182 ; JBer., 
1929, 62, 589 ; Ling and Nanji, J,S.GJ,, 1922, 41, 28t ; E. Fischer, 
Rer., 1890, 23, 2625). Ketoses such as fructose appear to be more 
stable under these conditions. 

Preparation of Gluconic Acid , — ^A solution of 10 g. of glucose in 50 c.c. 
of water is treated with 10 g. of bromine and the mixture kept for 1 — 2 days 
m waim place. I^e mixture is then distilled under reduced pressure at 
60 tul the solution is colourless. The bromide content of the concentrated 
solution is determined and the free hydrobromic acid neutralised exactly by 
the addition of the neees^ry amount of sodium carbonate. The solution 
IS then raised to boiling point and neutralised by the slow addition of calciun: 
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carbonate. The mixture is filtered and the filtrate kept in an ice-chest for 
2 or 3 days. The calcium salt of gluconic, which has separated during this 
period, is obtained pure by crystallisation from water. 

Under more ^dgorous conditions, oxidation occurs to yield dicarb- 
oxylic acids. Thus hexoaldoses give tetrabydroxyadipic acids, 
C02H-(CH0H)4-C02H. 

Pre'paration of Saccharic Acid , — Glucose (25 g.) is evaporated in a porcelain 
dish on a water-bath with 150 e.e. of dilute nitric acid (d, 1T5) till the residue 
is syrupy. It is dissolved in water, and the evaporation continued till the 
residue begins to become brown. It is then dissolved in 75 e.c. of water and 
neutralised with a concentrated solution of potassium carbonate. A 50% 
solution of acetic acid (12*5 c.c.) is then added and the solution concentrated 
to 40 c.c. After keeping at room temperature overnight, the acid potassium 
saecharate crystallises out. It is collected by filtration and crystallised from 
the least amount of hot water with the addition of decolorising charcoal. 


2. Action of PJicnylhydrazine , — spite of the formulation of reduc- 
ing sugars as cyclic compounds, they can react with phenylbydrazine 
to furnish phenylhydrazones, which by the further action of phenyl- 
hydrazine yield osazones. The formation of the osazone is pre- 
ceded by the oxidation of the hydroxyl adjacent to the phenyl- 
hydr azino - group . 


OHO 

CH-OH 

(9HbH)3 

CHgOH 


PhXH'XH* 
— ^ 


[IN-NHPh 

•OH 

[0H)3 


CHgOH 


9H:N-]mph 

90 

(9hoh)3 


PhXH-XHj 


CHgOH 


+PhNH2 

+ HH3 


Phim-NHj 


9H:]sr-NHPh 

9:N-NHPh 

(9hoh)3 

CHgOH 


The following conditions are of fairly general application for the 
preparation of osazones. 

An approximately 10% aqueous solution of the reducing sugar (5 c.c.) 
is heated in a water -bath with phenylbydrazine (1 g.) dissolved in 1 c.c. of 
acetic acid diluted with 5 c.c. of water. Glucosazone, which results from 
mannose and fructose as well as glucose, separates from the hot reaction 
mixture. The osazones derived from lactose and maltose are more soluble 
and only separate after cooling the solution. For the reaction to go to com- 
pletion, it is advisable to heat for about ^ hour in a boiling water-bath. 

Although hydrazones and osazones are generally represented as 
derivatives of open-chain sugars, it is not improbable that they 
have a cycHc structure, for many of them have been observed to 
exhibit mutarotation in solution. 

The crystalline habit of many osazones has frequently been used 
for the identification of the sugars which give rise to them. It 
should, however, be noted that the appearance of the crystals may 
be modified very considerably by the presence of impurities. 

K 
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In general, the phenylhydrazones of reducing sugars are easily 
soluble in water. A notable exception is mannose phenylhydrazone, 
which is sparingly soluble and well suited to the separation and 
identification of mannose in mixtures. 

Instead of phenvlhydrazine, its jp-bromo- and nitro-derivatives 
have been used as weU as methylphenylhydrazine, diphenylhydraz- 
ine, and a-naphthylhydrazine for the characterisation and iden- 
tification of reducing sugars. 

Other manifestations of the reaction of reducing sugars as alde- 
hydes are the formation of oximes and mercaptals (E. Fischer, 
Ber., 1894, 27, 673 ; Wohl, ihU., 1891, 24, 994). 

Of particular interest is the reaction of the aldoses with hydrogen 
cyanide. A cyanohydrin is formed, comparable with those formed 
from simple aldehydes (Kiliani, Ber., 1888, 21, 916). The import- 
ance of the reaction lies in the fact that by hydrolysis of the cyano- 
hydrin and subsequent reduction of the lactone of the resulting 
acid an aldose is formed contaming one carbon more than the 
original sugar (E. Fischer, Ber., 1889, 22, 2204). 

COaH CHO 

CHOH CHOH 

(CH0H)4 ^ (CHOH), 

CH,OH CHoOH 

3. Reaction of the Sugars as Alcohols , — ^Acetylation of* the free 
hydroxyl groups of the sugars can be effected by treatment with 
acetic anhydride and pyridme or with acetic anhydride and sodium 
acetate. Less generally the acetylation is accomplished by the use 
of acetic anhydride and a catalyst such as zinc chloride or sulphuric 
acid. Other acyl groupiugs may be introduced in a similar 
manner. 

The acylated reducing sugars are also ranged in a- and P-series 
corresponding with the free sugars. 

The hydroxyl groups of the sugars can be converted into ether 
groupings by the action of methyl iodide and silver oxide (Purdie 
and IiwTiie, J., 1903, 83, 1021 ; 1004, 85, 1049). In this reaction 
it is necessary to protect the reducing group from the oxidising 
action of the silver oxide by converting the sugar into its glucoside. 
By this process aU the hydroxyls of the glucoside can be methylated 
with the formation, from a hexose, of a pentamethyl methyl glucos- 
ide. The same result is obtained if the methylation is effected by 
methyl sulphate in alkaliae solution (Haworth, J., 1915, 107, 8). 
This reaction is of very considerable importance, inasmuch as it 
forms the basis of all the methods for establishing the points of 
linkage between the component sugars of the di- and tri-saccharides 
(Haworth, Constitution of Sugars, 1929). 

An important reaction of the fully acetylated reducing sugars is 
the replacement of the acetoxy-group attached to the reducing 
carbon atom by chlorine or bromine by the action of halogen 


CHO 

(CHOH), 

CHgOH 


(pisr 

CHOH 

(QHOH), 

CHgOH 
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halide ia acetic acid or in the liquid state (E. Eischer and E. P. 
Armstrong, Ber., 1901, 34, 2885). 

Preparation of 2:3:4: ^-Tetra-acetyl a-Glucosyl Bromide. — ^Acetic acid 
which has been saturated at 0° with dry hydrogen bromide (300 g.) is shaken 
with hnely-powdered dry j9-pentacetyl glucose (150 g.) till it has dissolved. 
The solution is then kept at room temperature for 2 hours, when it is diluted 
with 600 c.c. of chloroform and poured into 2 1. of ice -water, which is stirred 
mechanically. The chloroform layer is separated and the aqueous solution 
shaken with 150 c.c. of fresh chloroform. The combined chloroform solu- 
tions are washed with 1 1. of water, and then shaken with anhydrous 
calcium chloride till clear. The solution is then evaporated under reduced 
pressure and the residue treated with light petroleum (b. p. 40 — 60°). The 
glucosyl bromide separates out as long needles, which are collected by filtration. 
The product is purified by rapidly cooling a hot solution in the minimum 
amount of absolute alcohol. The crystalline paste which separates is filtered 
under suction and thoroughly washed with light petroleum to remove the last 
traces of alcohol. The substance must be kept in a vacuum desiccator over 
calcium chloride, m. p. 88° — ^yield about 120 g. (E. Fischer, Ber., 1916, 49, 
584). 

Other acylated sugars behave similarly, and. the method has 
been used successfully for the preparation of the analogous deriv- 
atives from acetylated disaccharides. It should be noted that the 
a-series of halides are more stable than the (3-series, and generally 
constitute the sole product, whether the a- or g-series of sugars are 
used as starting point. Indeed, the |3-series of tetra-acetylglucosyl 
halides are but Httle known, owing to their instability and tendency 
to isomerise into the more stable a-series (E. Fischer and E. F. . 
Armstrong, Ber., 1901, 34, 2885; Schlubach, ibid., 1926, 59, 840; 
Brigl, ibid., p. 1588). 

More stable members of the P-series of glucosyl halides are 2-tri- 
chloroacetyl-3 : 4 : 6-triacetyl (3-glucosyl halide (Brigl, Z. physiol. 
Chem., 1921, 116, 1), and to a less degree 3:4: 6 -triaoetyl- (3 -glucosyl 
chloride. The formation of glucosides even from these more stable 
compounds does not proceed uniformly, for the product may con- 
tain considerable proportions of the p-glucoside. Under special 
conditions the proportion of a-glucoside in the product may be 
raised to 90% (Brigl and Keppler, Ber., 1926, 59, 1588; Hickin- 
bottom, J., 1929, 1680; 1930, 1338), 

The glucosyl halides are valuable synthetic agents in that the 
halogen may be replaced by a variety of other groupings. They 
are therefore extensively used for introducing acylated sugar 
residues into suitable molecules. It should be noted, however, that 
the stable a-series of halides generally yield p -glucosides. 

Preparation of Tetra~acetyl-P-met'hylglucoside.-^TQtTQ,-B.GQtY\ a-glucosyl brom- 
ide is heated under refiux with an excess of dry methyl alcohol and about twice 
the theoretical amount of dried and finely-divided silver carbonate. 

When the reaction is complete, the suspended silver bromide and unchanged 
silver carbonate are removed by filtration. Evaporation of the filtrate yields 
tetra-acetyl jS-methylglucoside, m, p. 104 — 105°. 

Preparation of Tetra-acetyl-^-henzylghicoside. — ^Tetra-acetyl a-glucosyl brom- 
ide (6 g.), 80 c.c. of dry ether, and 30 g. of benzyl alcohol, are mixed and shaken 
with the addition of 4 g. freshly-prepared dry silver oxide. When a test 
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portion of the reaction solution no longer gives a precipitate of silver bromide 
when boiled with silver nitrate, the suspended matter is separated and the 
solvent distilled from the filtrate. The excess of benzyl alcohol is distilled 
off in steam. The residue of tetra-acetylbenzylglucoside solidifies on cooling. 
It is purified by crystallisation from aqueous alcohol, m. p. 96 — 101°, [a]^ — 49° 
(c 2) (Fischer and Helferieh, Annalen, 1911, 383, 68). 

'Preparation of Tetra-acetyltheohroinine-p-glucoside. — -The silver derivative 
of theobromine (5 g.), which has been dried at 130°, is boiled for J hour with 
a solution of tetra-acetyl-a-glucosyl bromide (7-1 g.) in 100 e.c. of toluene. 
The precipitate of silver bromide is collected. Light petroleum (200 c.c.) 
is added to the filtrate. A pasty precipitate results. After standing, the 
supernatant solution is decanted off and the precipitate stirred with 50 c.c. 
of methyl alcohol. 

The tetra-acetylglucoside separates as colourless needles, which are collected 
after cooling to 0°. It is purified by the addition of light petroleum to a solu- 
tion in warm ethyl acetate, m. p. 180 — 240°, [ct,]i> ■ — 18° (c, 6*8, tetrachloro- 
ethane) (Fischer and Helferieh, Ber., 1914, 47, 210). 

Preparation of co-HydroxyA-^-tetra-acetylglucosyl Acetophenone . — solution 
of the potassium salt of w : 4-dihydroxyacetophenon© (4 g.) in a mixture of 
water (40 c.c.) and acetone (40 c.c.) is treated, at room temperature, with a 
solution of tetra-acetyl-a-glucosyl bromide (8-5 g.) in 20 c.c. of acetone. The 
resulting clear solution is kept for 24 hours and the solvent then removed by 
evaporation under reduced pressure at temperatures below 30°. A viscous 
semi-solid residue results. After washing with water and then keeping in 
an ice-chest overnight, it is dissolved in a small amount of alcohol. The 
addition of water to produce a faint turbidity in the solution brings about the 
separation of the glucoside as flattened needles on keeping, m. p. 149 — 150° 
after further crystallisation (Leon, Robertson, Robinson, and Seshadri, *7., 
1931, 2679). 

Tie application of the acylated glucosyl halides to the synthesis 
of disaccharides is described in the following papers : Helferieh 
and Klein, Annalen, 1926, 450, 225; Helferieh and Rauch, Ber., 
1926, 59, 2656; Annalen, 1927, 455, 168; Helferieh and Schafer, 
ibid., 1926, 450, 229; Helferieh and Bredereck, ibid., 1928, 466, 
166. 

4. y-Sugars . — The derivatives of the sugars which have already 
been discussed have a six-membered heterocyclic structure. Other 
derivatives are known having a five-membered heterocyclic struc- 
ture. These are derived from the so-called y-sugars. A more 
systematic and logical nomenclature, introduced by Haworth (com- 
pare Goodyear and Haworth, J., 1927, 3140), distinguishes them by 
the term furanose. Thus y-arabinose and y-glucose are known as 
arabofuranose and glucofuranose, respectively. The evidence on 
which such structures are based is due almost entirely to the work 
of Haworth and his collaborators, and is summarised by Haworth 
{Constitution of Sugars). 

The most accessible derivatives of this type are the methyl 
glucosides, which are prepared by the action of dry methyl alcoholic 
hydrogen chloride on the monosaccharide at room temperature 
(E. Rischer, Ber., 1914, 47, 1980; Haworth, Ruell, and Westgarth, 
J., 1924, 125, 2468; S. Baker and Haworth, ibid., 1925, 127, 365; 
Haworth and Wes%arth, ibid., 1926, 880). The glucosides thus 
obtained resemble those of the pyranose sugars in being indifferent 
to Rehling’s solution and moderately concentrated alkali. One 
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important difference is the extraordinary sensitiveness of the 
furanosides to dilute aqueous mineral acids. Thus ethyl gluco- 
furanoside is completely hydrolysed by boiling for J hour with 
O-OliV'-hydrochloric acid. 

Preparation of Methylxylofuranoside {y-Methyl Xyloside ). — ^Finely sieved, 
dry xylose (11-9 g.) is dissolved in 238 g. of dry methyl alcohol containing 
approximately 1% of its weight of dry hydrogen chloride. The solution is 
kept at room temperature till it ceases to reduce Fehling’s solution (5 — 7 
days). The solution is then neutralised by adding an excess of dry jELnely- 
powdered silver carbonate, filtered, and evaporated under reduced pressure 
at a temperature not exceeding 40°'. The residual syrup is then e^racted 
several times with hot neutral ethyl acetate. Evaporation of the solvent 
from the extract at 40° under reduced pressure leaves a syrup of the crude 
glucoside, which is purified by distillation in high vacuum, h. p. 161° /O -03 
[a]D -r 63° in ethyl alcohol (Haworth and Westgarth, loc. cit.). 

The product from this process consists of a mixture of a- and 
p -forms, probably contaminated with small amounts of the normal 
glucosides. Recently, Haworth and his co-workers have succeeded 
in isolating some of the y-glucosides in a crystalline state. The 
following table compares the physical constants of some of the 
y-glucosides. 



M. p. 

[a]D in 
water. 

a-Methyl glucofuranoside 

62 — 63° 

-1-118° 

a-Ethyl glucofuranoside 

82—83 

4-101 

j8-Methyl glucofirranoside 

liquid 

— 77 

j3-Ethyl glucofuranoside 

59 — 60 

— 86 

a-Methyl mannofuranoside 

118—119° 

4-113 


(Haworth and Porter, J., 1929, 2796; 1930, 649; Haworth, Porter, and 
Waine, ibid., 1932, 2254.) 


(6) Quinones, 

In the quinones there are two carbonyl groups, tbe carbon atoms 
of which are part of the aromatic nucleus and are situated either 
ortho or para to one another; mcto- quinones are unknown. Form- 
ulae I and II represent o- and p-benzo quinones, which can be con- 
sidered to be diketo-derivatives of 1:2- and 1 : 4-dihydrobenzene, 
respectively. Polycyclic hydrocarbons also furnish quinones, 
and here the number of possible compounds is very great. Thus 
six naphthaquinones are theoretically possible, but so far only 
three are known, namely a- (formula III), P- (IV), and amphi- 
naphthaquinone (V). Attempts to prepare the other naphtha- 
quinones have resulted in the formation of diquinones containing 
dinaphthyl residues (Morgan and Vining, J., 1921, 119, 1707 ; 
Stenhouse and Groves, ibid., 1878, 33, 418; compare Chattaway, 
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ibid,, 1895, 67, 657). Of the six theoretically possible anthra- 
quinones, only three are known (formulie VI, VII, VIII). 



(VI.) (VII.) (VIII.) (IX.) 


Considerable differences in reactivity are shown by the different 
classes of quinones. ^-Benzoquinone, in addition to yielding a 
large number of molecular compounds of the quinhydrone type, 
reacts with a variety of reagents such as hydrogen chloride and brom- 
ide, conjugated hydrocarbons, benzenesulphinic acid, alcohols, 
and primary amines. It is, moreover, very sensitive to aqueous 
alkalis and generally easily broken down by oxidising agents. 
The reactivity is no doubt due to presence of ethylenic bonds 
adjacent to the carbonyl, for the reactions of p-benzoquinone are 
shared by its homologues — except in so far as steric effects become 
evident.* a-Naphthaquinone behaves somewhat similarly. On 
the other hand, 9 : 10-anthraquinone (VIII), which has no true 
ethylenic linkages, is comparatively inert, and is indifferent to 
aqueous alkalis and to concentrated sulphuric acid at 100°; it is 
attacked but slowly by oxidising agents. 

(a) Eeduction of Quinones. — o- and p-Benzoquinones and similarly 
constituted quinones are reduced very readily to the corresponding 
dihydric phenols in aqueous solution by sulphur dioxide. Although 
naphthaquinones and phenanthraquinone are similarly reduced, 
a-naphthaquinone is not appreciably affected by cold aqueous 
sulphurous acid. It is best reduced by stannous chloride (Russig, 
J. pr. Ghem., 1900, [ii], 62, 32). Anthraquinone is indifferent to 
aqueous solutions of sulphur dioxide. 

The reduction of p-benzoquinone by sulphur dioxide is not quant- 
itative. Only about 80% of the theoretically possible amount of 
quinol is obtained, the remainder of the product being quinol- 
sulphonic acid, formed by the addition of sulphurous acid to quinone 
(Dodgson, J., 1914, 105, 2435). 

Preparation of Quinol and of Quinolsulphonic acid from p-Benzoquinone . — 
A stream of sulplmr dioxide is led into a solution of 5 g. of ^^-henzo quinone 

* Dusoamyl 29-benzoquinone is stated to have no reaction with alkalis. 
It IS also m diff erent to phenylhydrazine, to hydrogen bromide in chloroform, 
and to aniline (Koenigs and Mai, Ber., 1902, 25, 2653). 
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in. 400 c.c. of water. WlierL the reduction is complete, the solution is extracted 
several times with ether. Evaporation of the dried ethereal extracts 3 rields 
quinol (4 g.). 

The aqueous solution — after ether extraction — is boiled to remove dissolved 
ether and excess of sulphur dioxide, then neutralised with barium carbonate 
and filtered. The filtrate contains the barium salt of quinolsulphonic acid. 
It is treated with the necessary amount of sodium sulphate to precipitate 
all the barium and then filtered from the insoluble barium sulphate. Evapor- 
ation of the clear filtrate under reduced pressure yields the crude sodium 
salt of quinolsulphonic acid. It is purified by washing with ether, decoloris- 
ing it with charcoal, and then crystallising from methyl alcohol. The salt 
separates from this solvent as almost white leaflets (yield about 1-5 — 1*7 g.) 
(Dodgson, loc. cit,). 

Benzoqmnones may be also reduced by the action of an excess 
of phenylhydrazine or aqueous bydroxylamine, but these reagents 
are not so convenient as sulphurous acid. Reduction has also been 
effected by the use of zinc dust and acetic acid. 9 : 10-Anthra- 
quinone, which is not changed by aqueous sulphur dioxide or phenyl- 
hydrazine, yields the corresponding dihydric phenol (X) by treatment 
with sodium hydrosulphite. 

Reduction oj 9 r lO-Anthraquinone to 9 : lO-Anthrahydroquinone, — sus- 
pension of 2 g. of finely-divided anthraquinone in 10 times its weight of alcohol 
is boiled under reflux with a concentrated aqueous solution of 5 g. of sodium 
hydrosulphite. The coloxzr of the anthraquinone rapidly changes to greenish 
yellow. The anthrahydroquinone is filtered oS and washed. It is obtained 
as greenish-yellow needles, soluble in aqueous alkalis with the production of 
a deep red colour. This is easily oxidised to anthraquinone (Grandmougin, 
Ber., 1906, 39, 3563). 

A red solution of a salt of anthrahydroquinone is obtained by reducing 
a suspension of anthraquinone in alkaline solution with hydrosulphite or zinc 
dust. 

By the use of more vigorous conditions other products are formed 
from anthraquinone. Tin and hydrochloric acid in acetic acid 
solution yield anthranol (XI), together with some dianthryl (XII) 
(Liebermann and Gimbel, Ber., 1887, 20, 1854). A further product 
of the reduction of anthraquinone is dianthranol (XIII), which can 
be obtained by beating with zinc dust and alkali under pressure 
(H. Meyer, Ber., 1908, 42, 143; D.R.-P., 223,209). 


OH 
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(b) Formation of Substituted Quinones amd Quinols. — ;p-Beiizo- 
quinone and similarly constituted quinones yield substituted 
quinols by reaction with substances of the general type R-H, 
w'here R == Br or Cl, CH3*C02'^> AlkO— , RNH—, Ph— , Ph*S02, 

The general course of the reaction has been the subject of various 
interpretations (Bamberger and Blangey, Annalen, 1911, 384, 
287 ; Michael and Cobb, J. pr. Ghem., 1910, [ii], 82, 298 ; Schmidlin, 
Ber,, 1911, 44, 1700). Robinson (Outline of an Electrochemical 
Theory of the Course of Organic Reactions, 1932, p. 30) has recently 
suggested a mechanism based on considerations of electron changes. 
Apart from the ultimate mechanism of the reaction, the simplest 
method of representing these changes appears to be to consider them 
as preceded by the addition of the reagent to the double bond of 
the quinone. There is subsequently a rearrangement to a quinol : 




■^0 


§ 


PXT 


HX 


HC 


HO 




TTO. 




\y^ 


^c<r^ 

CK^ 


n 


VH 

II X 

■> 

OH 


It is possible to prepare compounds in which the double bonds 
are saturated by the addition of 2 or 4 atoms of bromine or chlorine 
(Sarauw, Annalen, 1881, 209, 111; Nef, J- pr. Chem., 1890, [ii] 
42, 182 ; T. H. Clark, Amer. Chem. J., 1892, 14, 553 ; Olivieri- 
Tortorici, Gazzetta, 1897, 27, [ii], 572). p-Benzoquinone dibromide is 
slowly converted into 2 : 5-dibromoquinol in acetic acid solutior 
(Sarauw, loc. cit., p. 109). 

Preparation of 2-Chloroquinol and 2 : o-Dicliloroquinol. — A stream of drj 
hydrogen chloride is passed into a not too concentrated solution of ^^-henzo 
quinone in dry chloroform till the brown precipitate which is first formed hat 
been completely converted into white monochloro quinol. The product is 
collected by filtration and purified by crystallisation from chloroform, m. p 
106® — ^yield 62 g. from 50 g. of quinone. 

2-Chloro quinol, on oxidation with dichromat© and dilute sulphuric acid 
yields chlorobenzo quinone, which by further treatment with dry hydroger 
chloride furnishes 2 : 5-dichloroqtunol (S. Levy and Gr. Schultz, Annalen 
1881, 210 , 138; compare Wohler, ibid., 1844, 51 , 155). 

Preparation of 2 : 5-Diethoxybenzoquinone. — p-Benzo quinone (5 g.) is heatec 
under refiux with 24 g. of ethyl alcohol in which have been dissolved 6 g. oJ 
fused zinc chloride. The mixture becomes dark brown, and the reaction it 
complete when the alcohol refluxing from the condenser has become colourless 
A d^k paste of crystals is obtained on cooling. The product is collected bj 
filtration and crystallised from alcohol after treatment with decolorising 
charcoal. It separates as yellow platelets, m. p. 183°. 2 : 5-Dimethoxy 

and 2 : 5-dipropoxy-quinones are prepared similarly (Knoevenagel and Biickel 
Ber., 1901, 34 , 3994). . ® 

Preparatiori of Hydroxyquinoltriacetate. — ^Benzoquinone (60 g.) is addec 
in small portions to a mixture of acetic anhydride (180 g.) and concentratec 
siilphunc acid (12 g.), wluch is stirred mechanically. The temperature of th^ 



QUINONES 


185 


mixture rises to 40—50°, and it is maintained between these limits by regulat- 
ing the addition of the quinone. When all the quinone has been added, the 
solution is allowed to cool to about 25°, when it is poured into 750 c.c. of 
cold water. The precipitated triacetate is collected by filtration and crystall- 
ised from 250 c.c. of alcohol, m. p. 96 — 97° — ^yield 85 — 87% of theoretical 
(Thiele, Ber., 1898, 31 , 1247 ; Vliet, Organic Syntheses^ 1925, 4 , 36). 

Preparation of 2 : 6~Di‘m.-xylylquinol, — ^Powdered anhydrous aluminium 
chloride (140 g.) is added to well-stirred m-xylene (375 g.) cooled to — 5° and 
thereafter 70 g. of dry powdered p-benzoquinone are added in portions of about 
0*5 g. It is better to add the quinone fairly rapidly during the initial stages 
of the reaction — ^the temperature must be kept below 20°> — for the solution 
eventually becomes very thick and can only be stirred with difficulty. The 
stirring is continued for 2 hours after all the quinone has been added, and the 
reaction mixture is kept in an ice-chest overnight. 

It is then poured into a well-stirred mixture of 100 c.c. of hydrochloric acid 
and 400 c.c. of water. When the solid which separates under these conditions 
has become dark grey in colour and the excess of xylene has formed a separate 
layer, the product is collected by filtration and dried in a vacuum desiccator 
over phosphorus pent oxide. It is purified by heating with decolorising 
charcoal in benzene solution for 1 hour. After filtration, di-m-xylylquinol 
separates on cooling. A further crystallisation from benzene furnishes the 
product as white needle-like crystals, m. p. 188 — 189° — ^yield 30 g. (Browning 
and Adams, J. A?ner, Cheyn. Soc., 1930, 52, 4102; compare Pummerer and 
Fiedler, Ber., 1927, 60 , 1441). 

Preparation of 2 : ^-Di-p-tolylguinol. — Aluminium chloride (67 g.) is added 
during 1 hour to a suspension of 21*6 g. of p-benzo quinone in 150 c.c. of toluene. 
The reaction mixture must be kept at 0° and stirred mechanically. It gradu- 
ally changes in colour to brownish-black, and after 4 hours is poured into 
a mixture of crushed ice and hydrochloric acid. A light brown or greenish- 
grey precipitate is obtained consisting of crude 2 : 5-ditolylquinol, It is 
purified by solution in hot alcohol (200 c.c.), filtration through a hot funnel, 
and then boiling the filtrate with decolorising charcoal after adding some 
sulphur dioxide. After filtering, some water is added to precipitate the less 
soluble impurities. The quinol separates from the remainder of the solution 
as brownish crystals, which after several crystallisations from benzene are 
obtained as white crystals, m. p. 188° — yield 6*6 g. (Pummerer and Prell, 
Ber., 1922, 55, 3105). 

Phenols and phenyl ethers may he used instead of hydrocarbons 
in this reaction (Pummerer and Prell, loc. cit,; Pummerer and 
Piedler, loc. cit.). 

p-Benzoquinone combines readily with benzenesulphinic acid in 
aqueous solution to give 2 : 5-dihydroxydiphenylsulphone. Thymo- 
quinone and p-naphthaquinone behave similarly, and it is claimed 
that benzenesulphinic acid can add itself, in general, to all o- and 
^-quinones whether substituted by alkyl or halogen, as long as they 
have a hydrogen in the nucleus capable of replacement (Hinsberg, 
Ber., 1894, 27, 3259 ; 1895, 28, 1315). 

Amines, particularly aromatic amines, react with p-benzoquinone 
in a manner analogous to hydrogen chloride or benzenesulphinic 
acid to yield either 2-arylammoquinols or 2 : 5-diarylaminoquinols, 
which are oxidised by the unchanged quinone in the reaction 
mixture to the corresponding quinones (A. W. Hofmann, Proc. 
Roy. Soc., 1863, 13, 4 ; Zincke, Ber., 1883, 16, 1556 ; Zincke and 
V. Hagen, ibid., 1885, 18, 785; H. and W. Suida, Annalen, 1918, 
416, 118). 

Other reactions of an analogous type are the addition of alkali 
bisulphite to yield quinolsulphonic acids ; thiosulphuric acid yields 
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quinoltliiolsulphTiric acid (D.E.-P. 175,070) ; acetaldehyde and quin- 
one exposed to sunlight furnish 2 : 5-dihydroxyacetophenone 
(Klinger and Kolvenbach, Ber., 1898, 31, 1214). 

It has been known for some time that benzoqumone combined 
additively with cycZt)pentadiene (Albrecht, Annalen, 1906, 348, 31). 
This reaction has recently been examined by Diels and his co- 
workers. They find that hydrocarbons with conjugated double 
bonds, such as butadiene, isoprene, cycZopentadiene, and cyclo- 
hexadiene react withp-quinones to fuse one or two rings to the double 
bonds of the quinone (compare p. 25). Thus butadiene and benzo- 
quinone furnish (XIV) and (XV). Isoprene gives as the final 
product of the reaction a mixture of (XVI) and (XVII). 




Products (XV), (XVI), and (XVIT) can be oxidised to the corre- 
sponding aromatic quinone, (XV) yielding anthraquinone. This 
reaction is a most important one. It also occurs when the quinone 

is replaced by other substances containing the grouping -ilC-CO 
(Diels and Alder, Annalen^ 1928, 460, 98 ; Diels, Alder, and Stein, 
Ber.^ 1929, 62, 2337 ; compare Diels and Alder, Annalen, 1931, 
490, 236 et seq , ; Ber., 1929, 62, 554, 2081 ; Annalen, 1929, 470, 62). 

Preparation of 1 : A-Dihydro-a-naphthaquinone. — ^An excess of butadiene is 
passed into a suspension of p-benzoquinone in dry benzene and the mixture 
kept for several days with occasional shaking. The quinone gradually dissolves, 
and the residue, after evaporating the solvent, is crystallised from light petrol- 
eum. The product (XIV) is obtained as a crystalline mass with a faint green 
colour, m. p. 58°. 

It is isomerised to 1 : 4-dihydro- a-naphthahydroquinone by adding a trace 
or a solution of hydrogen bromide in acetic acid to the substance dissolved 
in an equal weight of acetic acid. There is a rise in temperature, and the 
solution sets to a paste of snow-white crystals. The hydroquinone separates 
from acetic acid in colourless needles, m. p. 212°. 

It is oxidised to 1 : 4-dihydro- a-naphthaquinone by passing a vigorous 
current of air through a suspension in ferric chloride solution. The quinol 
rapidly goes into solution, and the qrdnone thus formed is isolated by steam 
<^tillation of the solution. After drying on porous earthenware it is recrystal- 
lised from light petroleum — yellow neecSes, m. p. 109°. 

Preparation of Tetrahydroarithraquinone, — solution of 12 g. of a-naphtha- 
quinone in 15 c.c. of alcohol contai nin g 4 — 5 g. of butadiene is heated in a sealed 
tube at 100° for 3 hours. The required product forms a crystalline mass in 
the tube. It is purified by crystallisation from alcohol or light petroleum, 
m. p. lOo — 106°. 
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Oxidation to anthraquinone is accomplished by warmmg with chromic 
acid in glacial acetic solution, or more conveniently by adding a few drops 
of alcoholic potash to an alcoholic solution of the tetrahydro -compound, and 
then passing a stream of air through the blood-red solution thus formed. 
Anthraquinone gradually separates. 

(c) Beactions of Quinones as Ketones . — ^The normal action of free 
hydroxylamine on benzoquinones results in the formation of the 
corresponding quinol. The formation of oximes is generally 
accomplished by the action of hydroxylamine hydrochloride in 
aqueous alcoholic solution, mono- and di-oximes being obtained. 

Preparation of p-Xyloquinone-^mono- and -di-oximea . — solution of 10 g. 
of p-xyloquinone in 300 c.c. of 80% alcohol is heated under reflux with 5 g. 
of hydroxylamine hydrochloride for 2 hours. After cooling and keeping for 
several hours a small quantity of the dioxime has separated. It is collected 
by filtration and the filtrate concentrated to about one-quarter its bulk. 
The monoxime separates on cooling, and is collected by filtration. A further 
quantity is obtained by addition of water to the filtrate. It crystallises from 
water as needles with a yellow tint, m. p. 163 — 165°. 

The dioxime is obtained by heating the quinone with double the amoimt 
of hydroxylamine hydrochloride used for the preparation of the monoxime. 
The solution deposits the dioxime on cooling. It is purified by crystallisation 
from acetic acid. The m. p. recorded by different observers is between 
254° and 273° (Goldschmidt and Schmid, Ber., 1885, 18, 568 ; Sutkowski, ihid.^ 
1887, 20, 978). 

Preparation of Thymoquinonedioxime . — A hot solution of nitrosothymol 
(thymoquinone monoxime) in alcohol is boiled under reflux with twice the 
theoretical amount of hydroxylamine hydrochloride. After about J hour a 
dense pale-yellow crystalline precipitate commences to separate. \^en the 
separation appears to be complete, the mixture is cooled and the product 
collected by ^tration. It is washed with cold alcohol, purified by solution 
in concentrated hydrochloric acid and precipitation with water. It is obtained 
after this treatment as white small crystals which decompose about 235° 
(Kehrmann and Messinger, Ber.f 1890, 23, 3557). 

Quinones appear to differ widely in the ease with which they 
yield oximes. From tetra-substituted quinones such as chlor- 
or brom-auil, dibromothymoquinone, and triehloroquinones, no 
oximes have been obtained, while from the 2 : 6-dichloro- or di- 
hromo-^-benzoquiaones only monoxLmes result (Kehrmann, J. 

Chem., 1889, [ii], 40, 257; Ber., 1888, 21, 3315; 1890, 23, 3557). 
In contrast to this, ^-xyloquinone and 2 : 5-dichloro-p-henzoquinone 
furnish mono- and di-oximes. 

The quiuones derived from polycyclic aromatic hydrocarbons 
can also react with hydroxylamine hydrochloride (H. Goldschmidt, 
jBer., 1883, 16, 2178). j^thraquinone is particularly resistant, 
withstanding the action of hydroxylamme hydrochloride in boiling 
alcoholic solution for a week. The monoxime results by heating 
at 180° in a sealed tube (Goldschmidt, loc. cit., p. 2179). Mono- 
and di-oximes of acenaphthaquinone and phenanthraquinone have 
been prepared (Auwers and V. Meyer, Ber.^ 1889, 22, 1985 ; Fran- 
cesconi and Pirazzoli, Gazzetta, 1903, 33, [i], 36 ; compare Gold- 
schmidt, loc. cit . ; Rowe and J. S. H. Davies, J., 1920, 1344). 

^-Benzoquinone and its homologues are reduced to quinols by the 
action of phenylhydrazine or methylphenylhydrazine. a- and p- 
Naphthaquinones, however, react to give condensation products, 
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that from the a-quinone and phenylhydrazine being identical with 
benzene azo-a-naphthol (Zincke and Rindewald, JBev., 1884, 17 , 3026). 

Nitrophenylhydrazines, in general, give rise to condensation 
products with the benzoquinones, but the products are identical 
mth the isomeric hydroxy-azo-compounds. By using acyl deriv- 
atives of phenylhydrazine of the type ^^^N-NHg, the products 

obtained can only have the hydrazone structure. It is of interest, 
however, to note that such hydrazones suffer a rearrangement to 
the acyl derivatives of the hydroxy-azo- compounds by treatment 
of their ethereal solutions with solid potassium hydroxide (Will- 
statter and Veraguth, Ber,, 1907, 40, 1432). 

Benzoquinones react also with semicarbazide hydrochloride, 
but the products appear to have an azo-structure (Heilbron and 
J. A. R. Henderson, J., 1913, 103, 1404). 

The formation of nuclear-substituted quinones by reaction with 
aniline and its homologues has already been referred to (p. 185). 
By using an excess of aniline in acetic acid solution or a mixture of 
aniline and aniline hydrochloride, p-benzoquinone is stated to yield 
anils of the aniloquinones (Zincke and v. Hagen, Ber., 1883, 16 , 
1558; 1885, 18, 786). Quinones condense with diamines 

containing primary amino-groups on adjacent carbon atoms. Cyclic 
compounds containing the grouping (XVIII) are formed : 

—0=0 HaN— 6— — C=N— c— 

—0=0 HgN— 9 — — C=N-— 9 — (XVIII.) 

This reaction is of importance in that it provides a very convenient 
method of recognising c-diamino-compounds (see pp. 293-294). 

Reaction of the benzoquinones with sodium bisulphite leads to 
the formation of quinolsulphonic acids. Phenanthraquinone and 
acenaphthaquinone, however, are soluble in bisulphite with the form- 
ation of bisulphite compounds, which are decomposed by acid with 
the regeneration of the original quinone. 

Hy^ogen cyanide does not appear to yield cyanohydrins with the 
benzoquinones, but furnishes cyanoquinols instead (Thiele and 
Meiseriheimer, Ber., 1901, 33, 675). On the other hand, phenan- 
thraquinone gives a dicyanoixydrin (Japp and Miller, Ber., 1883, 
16 , 2417). 

The Grignard reagent has been found to react with toluquinone 
and with p-xyloquinone to yield quinole derivatives, one of the 

PTT 

carbonyls having been converted into grouping. These 

substances are reactive and are converted partly into quinones and 
quinols by migration of the alkyl group (Bamberger and Blangey, 
Annalen, 1911, 384, 272). Anthraquinone also reacts with the 
Grignard reagent, either one or both of the carbonyl groups being 

converted into >C<^ or >C<^ groupings (Guyot and StaMing, 
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Bull. Soc. chim., 1905, [iii], 33, 1144 ; HaUer and Gnvot, Compt. rend., 
1904, 138, 327, 1251). 

(d) Formation of QuinTiydrones. — ^The benzoqninones form well- 
defined molecular compounds with phenols. One of the first to 
be prepared was quinhydrone. It separates as a dark-green 
crystalline mass when cold aqueous solutions of quinol and p- 
benzoquinone are mixed. It is represented by the formula 
0 rCgH 4 ! 0 ,(H 0 *CgH 40 H). Many such compoimds are now known 
in which benzoquinone or its homologues or halogen-substituted 
derivatives, or naphthaquinone, is combined with 1 molecule of 
a dihydric phenol or 2 molecules of a monohydric phenol. The 
place of the phenol may be taken by an aromatic hydrocarbon. 
Compounds of this type have more intense colours than their 
generators. A full account of the quinhydrones and references 
to the original papers can be found in Organische Molekulverbindun- 
gen, by P. Pfeiffer (1922, p. 199). 

(e) Estimation of Quinones. — p-Benzoquinone and its homologues 

are in general solids with sharp or pungent odours and readily 
volatile in steam. The corresponding compounds, however, 

are not volatile. The same distinction applies to the a- and P- 
naphthaquinones. Both classes of quinones liberate iodine from 
acidified aqueous potassium iodide, and they can be estimated by 
use of this reaction. Apparently the liberation of iodine is not 
quantitative owing to an equilibrium being attained between the 
iodine, the quinone, hydrogen iodide, and the quinol formed by the 
reducing action of the hydrogen iodide. The procedure described 
below is claimed to give accurate results. 

A 0-2 — 0*4% solution of the quinone in pure ether* is treated with 2 c.c. 
of a 30% aqueous solution of potassium iodide and 1 c.c. of 30% sulphuric 
acid for every 0*2 g. of quinone present. The estimation is carried out in a 
separating funnel with a perfectly ground stopper. The solution is now 
shaken for about 2 minutes, and when the two layers have separated, 50 — 60 
c.c. of water are added. Immediately afterwards O-lIsT’-thiosulphate is added 
in portions of about 10 c.c. The solution is shaken after each addition of 
thiosulphate. As the colour of the mixture diminishes, the volume of succeed- 
ing portions of thiosulphate is reduced and it is stopped when the colour of the 
iodine has been discharged. A moderate excess of tliiosulphate should be 
present (not more than 2 c.c.). The aqueous layer is now separated and the 
excess of thiosulphate titrated with iodine. 

This method gives imsatisfactory results with quinones such as_ xylo- 
quinone and thymo quinone which react but slowly with hydrogen iodide. 
By using a modification of this method, good results can, however, be obtained 
('\\fillstatter and Majima, Ber., 1910, 43, 1172), 

Titanous chloride has been recommended for the estimation of 
quinones. The method consists in direct titration of a cold aqueous 
solution of the quinone with standardised titanous chloride using 
methylene blue as indicator- Instead of direct titration an excess 
of titanous chloride can be added and the excess ascertained by 
titration with ferric alum (Knecht and Hibbert, New Reduction 
Methods in Volumetric Analysis, 1918, p. 41). 

* The ether must be quite pure and free from peroxide. 



Table X. — Carbonyl Compounds. 






Phenyl- 

hydrazone. 

III 

(B-O 

0 

£ Q) 

MP..q 

|g 

m § 

I 

0 



B. p. 

M. p. 

d. 

M. p. 

M.p. 

M.p. 

M. p. 

M.P. 




21-’ 


— 

— 

128“ 

147“ 

162“ 

_ 




49 


0-817ig 


124 

156 

89 


Polymerises on keeping. 



52 


0-841^“ 








66 

— 


42“ 

148 

128 

187 

59“ 




63 

— 

0-79Z]t 

— 

130 

182 

125 

— 




75 



0-80558 

— 

91 

126 

126 

— 




78 




128 

115 

135 



Dlace’tyl 


38 



0980V 

— 

— 

— 

— 

234* 

Yellowish-green liquid, quinone-like odour; vapour 









has colour of chlorine : polymerises with ice-cold 
HCl. 



2-Metliylbutaldehyde , 


91 

— 

— 

— 

— 

— 

— 

— 


tsoValeraldehyde 


92 

— 

0-78538 

— 

101 

123 

— 

— 


Methyl isopropyl ketone 


94 

— 






— 

— 


Diethyl ketone . 


101 

— 

— 

— 

139 

156 

139 

— 


Methyl «-propyl ketoae 


102 

■ — 

— 

— 

— 

141 

— 

— 


Crotonaldehyde . 


104 

— 

1-033 

56 

— 

— 

144 

119 


n-Yaleraldehyde . 


102 

— . 

— 

— 

— 

98 


52 


Methyl iert. -butyl ketone 


105 

— 

— 

— 

— 

— 

157 

77 


Tiglic aldehyde . 


116 

— 

— 

— 

— 

— 

— 

— 


Methyl tsohutyl ketone 


118 

— 



— 

— 

95 

— 

— 


Oaproic aldehyde 


128 

— 

— 

— 

— 

104 

— 

51 


Methyl n-butyl ketone 


128 

— 

— 

— 

— 

106 

— 

— 


Mesityl oxide 


130 

— 

O-Sagi® 

— 

133 


156 

— 


Acetyl acetone . 


139 







149* 

IfH,OH,HCl—> dimethyl isooxazole, b. p. 141“, and 
dioxime ; PhNHNHj 3 : 5-dimethylphenylpyr- 

azole, b. p. 273“; FeCIj —> intense red. 


Oenanthaldehyde 

154 

— 

0-832 

— 



106 

109 

58 

(^cloBexanone . 


155 

— 

0-947 

77 

146 


166 

88 






dec. 






Furfural .... 

161 

— 


97 

127 

202 

202 




2-MethylcycZohexanon6 

163 

— 

0-925 

— 

— 

— 


— 


Diacetone alcohol 

164 

— 


— 

— 

— 


56 

Distils with trace of I — > mesityl oxide. 

3-Methylci/clohexanone 

168 

— 

0-911 

— 

— 

— 

180 

Oil 

4-MethylCFctohexanone 

169 

— 

0-933 

— 

— 

— 

197 

39 


Methyl hexyl ketone . 

171 

— 

— 

— 

— 

68 

— 



»-Octaldehyde . 

172 

— 

0-82638 

— 

— 

— 

98 

— 


Benzaldehyde 

179 

— 

— 

158 

192 

235 

214 

35 

Azine, m. p. 93“ ; hydrobenzamide, m. p. 110“. 

Pelargonio aldehyde . 

81/ 

13 mm. 


0-82718 



96 

— 

63 


Methyl heptyi ketone . 

191 

— 

— 

— 

— 

— 

— 




Eenchone .... 

193 

— 

0-947 

— 

— 

— 

183 

165 


Acetonyl acetone 

194 

— 

0-983V 

— 

— 

— 

— 

134* 


Salicylaldehyde . 
m-Tolylaldehyde . 

196 

199 


1 . 0242 * 

142 

233 

248 

231 

216 

67 


Phoione 

o-Tolylaldehyde . 

Aldol 


197 

28“ 





186 


Br in CCli — tetrabromide, m. p. 88“. 


-inUL 


Y 

z 

z 

z 

224 

184 

48 

■ 








" ■ ' ' ■ * ■■■■ ■ ■■ — 


200 

_ 

_ 

__ 


“ 1 

186 

_ 




— , 


— 


— ^ 

171 

55 


p-Tolylaldehyde . 

204 

— 

l-072‘* 

— 

— 

— 

234 

— 

Azine, m. p. 165“; hj'dro-p-tolylamide, m. p. 95”. 

Acetophenone 

202 

20 

1-02711 

105 

184 

— 1 

167 

59 


Camphor , 


204 

175 

■ — 

2SS 

— 

— 

237 

118 






dec. 






Decylaldehyde . 

93i 

12 mm. 

~ 

~ 




— 

69 

Azine, m. p. 34“. 

Menthone .... 

206 

— 

— 

— 

— 

— 

184 

69 


Citronellal .... 

206 

— 

0-865*® 

— 

— 

— 

83 

oil 


Proplophenone . 

210 

— 

1-025*“ 

— 

— 

— 

— 

— 


Phenylacetaldehyde . 

193 

— 

— 

— 

— 

166 

103 


Piperitoue .... 

117/ 
20 mm. 


0-934V 



— 


~ 


Geranial .... 

119/ 
20 mm. 

_ 

0-890*“ 


— 

— 

164 

— 

Geranial-^-naphthoclnchonic acid, m, p. 109“. 

Neral .... 

117/ 
20 mm, 


0-889*® 



— 

171 

~ 


Cinnamaldehyde . 

221 

. — ‘ 

— 

168 

195 

— 

216 

138 


Pulegone .... 

221 


0-936 

— 


“ 

_ 

_ 

Bisiiitrosopiilcgone, m. p. 81” (Baeyer and Henrich, 
Jier., 1895, 28, 653). 


222 

— 


. — 

— 

— 



a-Ionone .... 

124/ 

— 

0-932*® 

— 

— 

— 

137 

90 

Odour of violets; p-bromophenylhydmzone, m. p. 


11mm 








142”. 

P-Ionone 


140/ 

— 

0-9461* 

— 

— 

— 

149 



Odour of violets; p-bromophenylhydrazone, m. p. 


18 mm 








117”. 


230 

— 

0-9011?” 

— 

— 

— 

163 

72 

[a]® ±02° ; characteristic odour. 

Cuminaldehyde . 

235 

— 

— 

— 

— 

— 

— 

— 

Anisaldehyde 

248 

— 

— 

■ — 

— 

— 

— 

— 


m-Ohlorobenzaldehyde 

213 

17 

— 

— 

— 

— 

— 

70 


p-Ohloroacetophenone . 

230 

20 

— 

— 

— 

— 

— 

— 


Piperonal .... 

263 

37 

— 

100 

— 

— 

230 

110 


Benzal acetone . 

262 

41 

— 

156 

166 

— 

— 

115 


o-Nitrobenzaldehyde . 

— 

44 

— 

— 

— 

— 

— 

103 

Hydroquiuone, m. p. 139”. 

* Phymoquinone . 
Benzophenone . 

— 

45 

48 

z 

137 

154 

229 

164 

z 

Chloral hydrate . 


57 







Azine, m. p. 125”. 

j»-Nitrobenzaldehyde . 


68 

— 

— 

— 



118 

Benzoyl acetone . 


61 





— 


KHjOH — > 3-methyI-5-phcnylisooxazole, m. p. 43“ ; 
hydroij'sis with NaOH — PhCOMe ; FeCi,— > 










intense red. 

• Toluquinone 

Yanmin . . . . 


68 

80 

z 

105 

“ 

— 

229 

1 T 7 

Hydroqulnone, m. p. 124”. 

Benzil .... 

347 

96 

— 

225« 

290* 

— 


237* 


m-Hydroxybenzaldehyde 

— 

104 

— . 

■ — 

— 

— 

— 

— 

Azine, m. p. 300“ circa. 

p-Nitrobenzaldehyde . 

. — 

106 

— 

— 

— 

— 

— 

— 

*l)-Benzoquinone . 

— 

116 

— 

— 

— 

— 

— 

— 


P-Hydroxybenzaldehyde 
Benzoin 

343 

116 

130 

z 

177 

106 

~ 

157 

224 

72 

151 

Benzoyl derivative, m. p. 125”. 

r TricMoro-p-benzoqninone 

— 

165 

— 

— 

— 

— 

— 

— 

vyamphorquinone 

^fphenanthraquinone 

— 

198 

202 

z 

n 


— 

z 

z 

Oxidation — >■ diphenie acid, m, p. 229°. 

» Anthraquinone . 
K^etrachloro-p-benzoquinone . 


273 

290t 

1 = 





, 


* Denotes di-derivative. - In sealed tube. 
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CHAPTER V 

CAEBOXYUO ACIDS 

(1) General Reactions. 

(a) Formation of Salts. 

\h) Formation of Acyl Halides. 

(c) Formation of Acid Anhydrides. 

(d) Formation of Amides. 

(e) Formation of Esters. 

(f) Preparation of Aldehydes and Ketones from Acids. 

{g) Behaviour of Acids and their Salts on Electrolysis. 

(h) Elimination of the Carboxyl Group. 

(2) Special Reactions of the Commoner Groups of Carboxylic Acids. 

(a) Fatty Acids. 

(b) Aromatic Acids. 

(c) TJnsaturated Acids. 

(d) Hydroxy Acids. 

1. a-Hy dr oxy- Acids. 

2. jS-Hydroxy-Acids. 

3. y-Hydroxy-Acids. 

4. Phenolic Acids. 

(e) Keto Acids. 

1. a-Keto- Acids. 

2. ^-Keto-Acids. 

3. y-Keto-Acids. 

Carboxylic acids have the characteristic group ~CO*OH, the 
hydrogen of which can ionise in aqueous solution and is replaceable 
by metals. Those carboxyhc acids which are appreciably soluble 
in water are therefore recognisable by their acidic reaction to neutral 
htmus and by the hberation of carbon dioxide from solutions of 
metal carbonates and bicarbonates. Acids insoluble in water show 
the same reactions in aqueous alcohol. The carboxyl group has 
therefore well-marked acidic properties. The strength of any 
particular acid is determined by the type and nature of the grouping 
attached to the carboxyl group. The following table illustrates 
this : — 


1 k . 10^ 


h . lOL 

Formic 

2-1 1 

Crotonic 

0*20 

Acetic . . . • . 

0-18 

Oxalic 

380 

Propionic 

0-15 

Malonic 

17-7 

Butyric 

0-16 

Succinic 

0-74 

Chloroaeetic 

15*5 

Glutarie 

0-46 

Bromoacetic 

13-8 

Benzoic 

0'6 

Dichloroacetic 

514 

o-Nitrobenzoic 

61-6 

Trichloroacetic 

1500 

m-Kitrobenzoic . 

3-5 

a-Chlorobutyric 

14 

^J-Kitrobenzoic 

4-0 

jS-Chlorobutyrie 

0-89 

o-Hydroxy benzoic 

10-2 

y-Chlorobutyric 

0-26 

m-Hydroxybenzoic 

0-87 

Glyeollic 

15-2 

2? -Hydroxy benzoic 

0-29 

Lactic .... 

13-8 

o-Chlorobenzoic . 

13-2 


The values for the dibasic acids are the first ionisation constant h^, 
O 193 
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TKe most important further reactions of the carboxyl group are 
replacement of the -OH by halogen, and by amino-groups and its 
conversion into -OAlk and -OAr. It should be noted that although 
there is a carbonyl group present, its typical reactions are almost 
entirely suppressed by the adjacent hydroxyl group. 

1. General Reactions. 

(a) Formation of Salts. 

In general, salt formation is achieved by neutralisation of the 
acid with the appropriate hydroxide or carbonate. For the prepar- 
ation of the salts of the alkali metals both methods are applicable, 
although it is generally more accurate to neutralise the acid with the 
alkali hydroxide usiug phenolphthalein as indicator. Salts of the 
alkalme earths and heavy metals which are soluble in water are 
prepared by treatment of the acid with an excess of an aqueous 
suspension of the appropriate carbonate, followed by filtration after 
boiling, and subsequent evaporation to crystallising point. To 
obtain sparingly soluble salts the general method is by double 
decomposition between a soluble salt of the acid and a suitable 
inorganic salt. 

The preparation of silver salts of organic acids is frequently 
carried out. These salts are generally sparingly soluble and, with 
suitable precautions, are easily obtained pure. The usual method 
of preparation consists m adding an aqueous solution of silver nitrate 
to an aqueous solution of the ammonium salt of the acid. From 
a knowledge of the silver content of the pure dry salt — determined 
by cautious ignition — the molecular weight of the acid can be 
calculated if the basicity of the acid is known. 

The analysis of other salts furnishes the same results, but it is 
obvious that the salts must be pure and not liable to form basic 
salts. Titration of the acid against standard alkali using phenol- 
phthalein can also be used for this purpose, but here also it is 
necessary to know the basicity of the acid. 

(b) Formation of Acyl Halides. 

Replacement of the carboxylic hydroxyl to yield an acid chloride • 
of the general formula R*CO'Cl is effected by reaction with phos- 
phorus halides or with thionyl chloride. If phosphorus penta- 
ohloride is used, approximately equimolecular proportions of the 
chloride and the acid or its salt are mixed. After the initial reaction 
has subsided, the formation of the acid chloride may be completed 
by warming : 

R-CO-OH + PCI5 — ^ R-CO-Cl + HCl + POCI3 

Phosphorus oxychloride is eliminated from the product by 
fractionation. 

If the acyl chloride is not appreciably volatile at 120°, the phos- 
phorus oxychloride can be removed by heating the product to this 
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temperature in a stream of nitrogen, or, alternatively, by evapor- 
ation under reduced pressure at 80 — 100°. Obviously phosphorus 
pentachloride cannot be conveniently used for the preparation of 
acyl chlorides the boiling points of which approximate to that of 
phosphorus oxychloride. In such circumstances phosphorus tri- 
chloride may be employed. 

Phosphorus halides have the disadvantage that the product is 
liable to be contaminated with unchanged phosphorus trichloride 
or phosphorus oxychloride. A more convenient reagent is thionyl 
chloride, which is converted into gaseous products by reaction with 
acids. The following examples illustrate the general use of these 
reagents. 

Pre'paration of n-Butyryl Chloride. — Phosphorus trichloride (53 g.) is added 
gradually from a tap funnel to butyric acid (100 g.), which is contained in a 
round-bottomed flask fitted with a condenser. The mixture is heated under 
reflux for about 1 hour, and then cooled. The butyryl chloride is decanted 
from the lower syrupy layer of phosphorous acid and then carefully fraction- 
ated. Alternatively the chloride may be distilled directly from the reaction 
mixture. If this is done, the treatment with the trichloride is best carried out 
in a distillation flask. 

Preparation of Benzoyl Chloride (1). — ^Finely -powdered dry benzoic acid (100 
g.) is mixed with 180 g. of. powdered phosphorus pentachloride. When the 
initial reaction has subsided it is completed by heating on a steam-bath for 
about an hour. The phosphorus oxychloride is then removed by evaporation 
under reduced pressure at about 80°. The residue yields benzoyl chloride, 
b. p. 196 — 198°, by distillation at atmospheric pressure. 

Preparation of Benzoyl Chloride (2). — ^Benzoic acid (20 g.) is heated at 100° 
with thionyl chloride (30 c.c.) in a 100-c.c. distillation flask fitted with a reflux 
condenser in the neck and canted so that the side arm of the flask is horizontal. 
The side arm is plugged by a cork. 

When the evolution of hydrogen chloride and sulphur dioxide ceases, the 
reaction mixture is distilled, benzoyl chloride being collected at 192 — 198°. 

Preparation of Oxalyl Chloride, — 90 G-. of finely-powdered anhydrous 
oxalic acid are intimately mixed with 400 g. of phosphorus pentachloride. 
The mixture must be cooled by an external bath of ice. Afterwards it is 
kept at room temperature till the whole mass is liquid, when it is fractionally 
distilled. " 'Crude oxalyl chloride is collected between 60° and 100°. Seveial 
fractionations yield pure oxalyl chloride, b. p. 63 — 64° — ^yield 45 — 50% of the 
theoretical (Staudinger, Ber., 1908, 41 , 3563). 

Preparation of ix-Biityryl Chloride. — ^A 150-c.c. distillation flask which has 
a long side arm fitted with a water-jacket is inclined so that the side arm 
acts as a reflux condenser. A dropping funnel is fixed in the neck of the flask 
by a rubber bung. Thionyl chloride is placed in the flask (56jg.), which is 
heated on a water-bath. n-Butyric acid (35 g.) is slowly added from the funnel 
during 1 hour. After all the acid has been added the heating is continued for 
4 hour before distilling from an oil -bath. The distillate gives pure ?^-butyTyl 
chloride after a further distillation, b. p. 100 — 101°. The yield is approximately 
equal to the weight of the acid used (Helferich and Schaefer, Organic Syntheses , 
1929, 9 , 32). 

(c) Formation of Acid Anhydrides. 

The classical method for the preparation of acid anhydrides, 
introduced by Gerhardt {Annalen, 1853, 87, 65, 149), consists in 
heating the acid chloride with a salt of the same acid : 

R-CO-Cl + XaO-CO-R — ^ (R-C0)20 + XaCl 
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A modification of tMs process, which is used technically, is to 
treat a salt of the acid with sufficient phosphorus oxychloride, 
phosphorus trichloride, thionyl chloride, or sulphuryl chloride to 
convert half of the salt into acid chloride (compare Gerhardt, loc. 
cit,; Denham and Woodhouse, J,, 1913, 103, 1S61). The reaction 
then follows the course indicated above. Another modification 
is to treat the acid chloride with pvridine (Wedekind, Ber,, 1901 
34, 2070). 

The anhydrides of the fatty acids, aromatic acids, and dibasic 
acids may be conveniently prepared by heating with acetyl chloride 
or acetic anhydride (Anschutz, Annalen, 1884, 226, 1 ; Autenrieth, 
Ber., 1901, 34, 176; Kaufmann and Luterbach, ibid., 1909, 42^ 
3483; Eournier, Bull. 8oc. chim., 1909, [iv], 6, 922). 

Pre'paration of th^ Anhydrides of the Fatty Acids using Acetyl Ghlo^dde. 

This method has been applied successfully to the preparation of anhydrides 
of many of the acids from propionic to 2 >oamylacetic (Fournier, loc. cit,). 

The fatty acid is placed in a flask fitted with a tap funnel and a fractionating 
column. It is heated to 120° by an oil-bath. Acetyl chloride is added 
from the tap funnel and the temperature of the oil-bath raised progressively 
to 180°, the whole operation taking about 10 hours. The product is then 
fractionated under reduced pressure. The yields vary between 55 and 75<y 
of the theory. ° 

The general method of using acetic anhydride consists in heating 
the acid with two or three times its weight of acetic anhydride 
under reflux for 4 — 6 hours and then fractionating the product. 

Preparation of Benzoic Anhydride. — mixture of 150 g. of benzoic acid 
and 150 g. of acetic anliydride is slowly distilled through a fractionating 
column so that the thermometer at the head of the column does not record 
a temperature greater than 120°. Wiien about 25 c.c. of distillate have been 
collected, an equal volume of acetic anhydride is added to the reaction mixture 
from a tap funnel. The distillation is continued and a further quantity of 
25 c.c. of acetic anhydride added after a further amount of 25 c.c. of distillate 
has been obtained. 

The fractionation is now continued with the object of freeing the product 
from acetic acid and acetic anhydride. Distillation of the residue under re- 
duced pressure furnishes crude benzoic anhydride, b. p. 210 — 220° /20 mm., 
and an intermediate fraction. From this latter, further amounts of benzoic 
anhydride can be obtained by systematic fractionation. 

The crude benzoic anhydride is purified by crystallisation from benzene 
containing light petroleum. The yield of pure anhydride may amount to 
100 g., m. p. 43° (Clarke and Rahrs, Organic Syntheses, 1923, 3, 21 ; compare 
Kaufmann and Luterbach, loc. cit.). 

The anhydrides of succinic and phthalic acids and their alkyl- 
substituted derivatives result by simple distillation with acetic 
anhydride. Although succmie and glutaric acids yield normal 
anhydrides by this method, the products from the higher homologues ‘ 
such as adipic, pimelic, suberic, azelaic, and suberic acids are poly- 
merised (HoUemann and Voermann, Proc. K. Ahad. WeUnsch. 
Amsterdam, 1903, 6, 410 ; Voermann, Bee. trav. chim., 1904 23, 
265; Blaise and Houillon, Bull. 8oc. chim., 1906, [iii], 35, 199). 
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(d) Formation of Amides. 

The general methods for the preparation of amides ineiude the 
reaction of acyl halides, anhydrides or esters, with amines or 
ammonia ; the elimination of the elements of water from an amine 
salt by heating or by distillation. It is also possible to replace 
the amino-group of some amides by other amino-groups. These 
processes are of the same general type and are represented by the 
scheme : 


E,-CO-X + NHR'R" B-CO-jSnR'R'' + HX 

(where X = OH, halogen, OAlk, XHg. R' and B." = H, alkyl or 
aryl). 

One of the oldest of these methods consists in heating or distilling 
the ammonium salt of a suitable acid (Dumas, Ann. Ohim., 1830, 
[ii], 44, 130). Thus, acetamide is obtained by submitting ammonium 
acetate to prolonged heating either in a sealed tube at 250°, or under 
reflux, followed by distillation. Amides and alkyl amides of homo- 
logues of acetic acid may be similarly prepared (A. W. Hofmann, 
Ber., 1882, 15, 977). The disadvantage of this method is that an 
equilibrium is attained between the salt, the amide, and the water, 
with the result that the yields are often seriously short of the theoret- 
ical. A more efficient and economical method consists in continuously 
removing the water as it is formed. The process is illustrated by 
the following. 

Preparation of Acetamide . — mixture of commercial ammonium acetate 
(100 g.) and glacial acetic acid (75 g.) is gently heated in a round-bottomed 
flask fitted with a rod and disk colunm, to which is attached a condenser. 
The heating is regulated so that the mixture is maintained just short of its 
boiling point for about 1 hour. Then the temperature is raised so that a very 
slow distillation takes place, the thermometer at the head of the column being 
kept at 103 — 104®. "VVTien 100 c.c. of distillate have been collected, the dis- 
tillation is stopped and the residue in the flask transferred to a distillation 
flask and distilled. Approximately pure acetamide passes over between 195® 
and 225°. This fraction solidifies on cooling. It is drained on a Buchner 
funnel and dried on porous earthenware. The filtrate furnishes a further 
amount of acetamide on refractionating (Francois, J. Pharm. Chim., 1906, 
[vi], 23, 230 ; W. A. JSioyes and G-oebel, J. Amer. Chem. Soc., 1922, 44, 2294). 

Tke acyl derivatives of the primary arylamines can be prepared 
from the amine and the fatty acid by a similar process, except that 
the product is usually isolated by pouring into water. The sparingly 
soluble derivative is then obtained as a crystalline solid. This 
method is frequently used for the characterisation of the fatty acids, 
but for this purpose a moderate excess of the amine is used instead 
of an excess of acid. 

Preparation of n^Butyro-p-toluidide. — ?^-Buty^ic acid (1 g.) is heated with 
twice its weight of 2 ?-toluidiue under reflux for about 1 hour. The product 
is poured into water acidified with hydrochloric acid and the precipitate 
collected. After was h i n g with water it is purified by crystallisation from 
aqueous alcohol, m. p..73 — 74°. 

^ This method may also be used for .the preparation of the anilides of the 
higher fatty acids and aromatic acids. When the acids are sparingly soluble 
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in water, tlie product must be washed not only with dilute acid to remove 
excess of arylamine, but subsequently with dilute sodium carbonate solution 
to free it from unchanged organic acid. 

The preparation of simple amides of the type R-CO-NHa by 
reaction of acyl chlorides with ammonia is of wide application. 
In its simplest form it consists in adding the acyl chloride to 
concentrated aqueous ammonia. This is often employed for the 
characterisation of the monobasic acids. For this purpose, the 
acid chloride need not be isolated. The following general directions 
are given by Aschan {Ber.^ 1898, 31, 2344). They have been tried 
for normal fatty acids from acetic to stearic, and also for one or two 
unsaturated acids and for dibasic acids such as sebacic and suberic. 

The acid is warmed with phosphorous trichloride till reaction ceases. After 
cooling, the crude acyl chloride is decanted from the syrupy layer of phos- 
phorous acid and added drop by drop to concentrated aqueous ammonia 
contained in a flask and cooled in a mixture of ice and salt. It is recommended 
that the addition of the acyl chloride should be regulated so that none of the 
mist of ammonium chloride escapes from the flask. The mixture is then kept 
overnight. With a few exceptions, the amide separates in a crystalline state. 
With the amides of acetic, propionic, and butyric acids', which are soluble in 
water, the product is evaporated to dryness and the amide extracted from the 
residue by treatment with absolute alcohol. 

For the preparation of anilides, in order to characterise monobasic 
acids, the following process has advantages over the usual method 
of heating the acid with the arylamine under reflux. 

The acid is heated under reflux with about its own weight of thionyl chloride. 
After 1 hour, the product is cooled, diluted with ether, and an excess of aniline 
or p-toluidine in ethereal solution is added. The solution is cooled during 
this operation. A precipitate of the amine hydrochloride together with 
derivatives of sulphurous acid result. These are removed by shaking the 
suspension first with water and then with dilute hydrochloric acid (6% con- 
centration). Evaporation of the ethereal solution yields the anilide. 

The general application of acyl chlorides and anhydrides to the 
preparation of amides is considered more fully on pp. 262-265. 

The anhydrides of dibasic acids with the carboxyl groups attached 
to adjacent carbon atoms {e.g. such acids as succinic, maleic, and 
phthalic) react with ammonia and amines according to the following 
scheme : 


+ RNHg — ^ I 

— (j>-CO-NHR. 

This reaction is employed for the characterisation of the anhydrides 
of these acids (Anschutz, Ber., 1887, 20, 3214; 1888 , 21, 88; 

Anncilen, 1890, 259, 137 ; Auwers, ibid., 1895, 285, 225). 

For this purpose a small amount of the anhydride is dissolved in benzene 
and the solution divided into three parts. To one portion is added aniline, 
a solution of p-toluidine in benzene to the second part, and a solution of 
Mphthylam^e to the third. The anilic acids which separate are collected 
by filtration, washed with a little benzene, and recrystallised. They may be 
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characterised further by heating them above their melting point, when they 
are converted into anils (Auwers, Oswald, and Thorpe, Annalerit 1895, 235, 
229). 

It is known that some esters, such as the alkyl oxalates, give an 
immediate precipitate of the amide when treated with concentrated 
aqueous ammonia. Although this reaction does not generally 
proceed so easily with the majority of esters, it can nevertheless be 
employed as a fairly general method of preparation if the experi- 
mental conditions are modified. Thus the methyl esters of ?^-butyTic 
acid and its immediate homologues give the corresponding amides in 
fairly good yield by agitation with concentrated aqueous ammonia 
at room temperature for 12 — 30 hours. If the amides are soluble 
in water, they can be isolated from the product by extraction with 
chloroform. The reaction of the higher homologues with aqueous 
ammonia is much slower and not very satisfactory. The amides 
of some aromatic acids may be obtained by a similar process (H. 
Meyer, Ifonatsh,, 1906, 27, 31). 

An alternative process for esters which do not easily furnish 
amides by reaction with cold aqueous ammonia is to heat them with 
alcoholic ammonia in sealed tubes at 100 — 150° (A. W. Hofmann, 
Her., 1882, IS, 977), or to keep a solution of the ester in alcohol 
saturated with ammonia. 

In the formation of amides from esters some interesting anomalies 
have been recorded. While malonic ester readily gives a diamide 
by treatment with aqueous or alcoholic ammonia, the dialkylmalonic 
esters are extraordmarily stable when thus treated. Thus the 
dimethyl ester of diethylmalonic acid is not attacked by an excess 
of concentrated ammonia at room temperature after 30 hours, 
and scarcely at all by heating at 140 — 150° for 12 hours with alcoholic 
ammonia. The esters of dimethyl- and dipropyl-malonic acids 
furnish very little amide by heating with alcoholic ammonia (E. 
Eischer and Dilthey, Her., 1902, 35, 844 ; compare H. Meyer, loc. cit.). 

This type of preparation has been used successfully for the 
preparation of a number of hydrazides, by using hydrazine hydrate 
in place of ammonia. 

Preparation of Benzaliy dr azide . — ^Hydrazine hydrate (IJ mol. props.) in a 
roimd- bottomed flask fitted with a reflux condenser is heated on a steam -bath. 
Ethyl benzoate (1 mol. prop.) is gradually added, the addition of fresh portions 
being delayed till the previous portion has dissolved. The reaction mixture 
is heated for some hours on the water-bath after all the ester has been added. 
A white crystalline mass separates on cooling. It is removed from the flask, 
the lumps are broken up and drained at the pump. Finally it is washed 
successively with small amounts of alcohol and ether. 

The filtrates after concentration yield, by further heating under refiux, 
more of the hydrazide. 

The product is purified by crystallisation from boiling water, m. p. 112 — 
113° (Curtins and Struve, J. pr. Chem., 1895, [ii], 50, 295). 

This method has been applied to the preparation of hydrazides of many 
of the saturated fatty acids, some substituted benzoic acids, malonic and oxalic 
acids, and also of some hydroxy-acids such as glycollic acid" (Qtlrtius and his 
co-workers, J. pr. Chem., 1895, [ii], 51, 165, 180, 353 ,— 3:901, [ii],’64;,4pl, 419). 



200 


REACTIONS OE ORGANIC COMPOUNDS 


In the same way, hydroxamic acids (of the general formula 
R-CO'NHOH or R-C(OH):NOH) may be prepared by treating esters 
with free hydroxylamine 

R-CO-OEt + NH 2 OH — ^ R-CO-NHOH + EtOH 

Preparation of Formhydroxamic Acid. — solution of hydroxylamine in 
methyl alcohol is prepared by the addition of the calculated amount of sodium 
methoxide in methyl alcohol to hydroxylamine hydrochloride. 

The calculated amount of this solution is mixed with the necessary amount 
of ethyl formate. After keeping for 24 hours, the alcohol is removed by evapor- 
ation under reduced pressure. The residue consists of formhydroxamic acid, 
white shining platelets, m. p. 72 — 74° (Schroeter, Per., 1898, 31, 2191). 

An exchange of the amino-group in amides may sometimes be 
effected by heating with a comparatively non-volatile arhine, 
although "the method is, in general, of limited application 
(compare Herd, Dull, and Martin, J. Amer. Chem. 80 c., 1932, 64, 
1974). 

E-CONH^ + E-NH 2 — ^ R*CONHR + NH 3 

It has nevertheless been employed as an alternative process for 
the preparation of hydr azides and hydroxamic acids. 

Preparation of Benzhy dr azide from Benzamide. — Equivalent amoimts of 
benzamide and hydrazine hydrate in 3 parts of water are heated under reflux 
till no more ammonia is evolved. The hydrazide is collected by filtration 
(Oirtius and Struve, loo. cit.). 

C. Hoffmann {Ber., 1889, 22 , 2854) describes the preparation of 
benzhydroxamic acid by heating benzamide with free hydroxyl- 
amine. 

Acethydroxamic acid has been obtained bj^^ keeping acetamide 
and hydroxylamine hydrochloride together in concentrated solution 
till the latter no longer reduces Fehling's solution. The hydr- 
oxamic acid is isolated by precipitation as its copper salt. 

(e) Formation of Esters. 

The esterification of carboxj'lic acids by alcohols has already 
been considered on pp. 81-83. From the many series of investig- 
ations of the rate of esterification under the infiuence of catalysts, 
it is clear that the constitution of the acid has an effect on the ease 
of ester formation. Generally speaking, substituents of saturated 
fatty acids in the a-position retard esterification to some extent 
(Sudborough and Gittins, J., 1908, 93 , 210 ; Sudborough and M. K. 
Turner, ibid., 1912, 101, 237 ; E. R. Thomas and Sudborough, 
ibid., p. 317 ; Sudborough, ibid., p. 1227). Monobasic aromatic acids 
with a substituent in the ortho position to the carboxyl have generally 
lower rates of esterification than the isomeric rneta- and para- 
substituted acids. This effect is enhanced if both ortho positions 
are occupied. The extent of the retardation depends largd^ on the 
nature of the substituents, nitro- and halogen groups bSmg more 
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effective than hydroxyl or methyl. Thus 2 : 6-dichloro- or 2:6- 
dinitro-benzoic acid is scarcely esterified by boiling alcoholic 
hydrogen chloride, while tetrahalogen-substituted tere- and ^ iso- 
phthalic acids are not esterified at all under these conditions. 
Further details regarding this can be obtained by consulting the 
original papers (V. Meyer and Sudborough, Ber., 1894, 27, 1580, 
3146. Meyer, ihU., p. 510; 1895, 28, 182, 1254, 3197; 1896, 
29, 831, 1399; V. Mever and L. Wohler, ibid.^ p. 2569; Rnpp, 
ibid., 1'896, 29, 1625 ; Meyer and KeUas, Z, phys. Chem., 1897, 24, 
219, 221 ; Meyer and Molz, Ber., 1898, 30, 1277). 

The retardation of the esterification is explained on the assumption 
that an accumulation of groups adjacent to the carboxyl prevents 
free access of the alcohol to the carboxyl. This view appears to be 
supported by the fact that if a di-o?'^Ao-substituted benzoic acid is 
compared with one having the same aromatic nucleus but with a 
-CH 2 interposed between the carbox^d and the nucleus, there is no 
such retardation during its esterification. Probably other factors 
are also involved (compare v. Auwers and Harres, Z, pJiys. Chem., 
1929, 143, 17). 

When direct esterification of acids by alcohols is neither applic- 
able nor convenient for preparative purposes, other methods are 
available. For instance, resort may be made to the action of acyl 
chlorides or anhydrides on hydroxylic compounds. This is a 
method for preparing phenyl esters, and is frequently used for the 
characterisation of small amounts of alcohols and also of acids (see 
pp, 78-80). The reaction between alkyl halides and the salts of 
acids according to the following scheme : 

R-COoAg + ICH3 R-CO-OCH3 + Agl 

also furnishes esters. The method is limited, how^ever, by the ease 
with which the alkyl halide tends to eliminate the element of halogen 
hydride forming the corresponding olefin (see p; 382). Nevertheless, 
it is used extensive^ for the conversion of dibromo -paraffins into 
the corresponding esters, and thence by hydrolysis into glycols 
when the usual methods of heating the bromo- compounds with 
aqueous alkah do not give satisfactory ;sdeids of the glycol. It is 
also applied to the preparation of methyl and ethyl esters of those 
substituted benzoic acids which are not readily esterified by the 
normal method. It has been employed comparatively recently 
for the characterisation of carboxylic acids by converting them into 
crystalline esters by reaction of their salts with substituted benzyl 
halides or nuclear-substituted co-halogen acetophenones. This has 
been largely due to Reid and his co-workers, who have worked 
out standard conditions for this reaction. 

Preparation of -p-Nitrohenzyl Esters. — solution of 0-5 g. of jp-nitrobenzyl 
bromide in 5 c.c. of 95% alcohol is added to slightly more than the calculated 
amount of the sodium salt of the acid in 2*5 c.c. of water. The mixture 
is heated under reflux for 1 hour for a monobasic acid, or 2 hours for a dibasic 
acid. The ester may separate on cooling; if not, water is added gradually. 
The solid eeter is purified by crystallisation from alcohol (E. E. Reid, J. Amer. 
Chem. Soc^l^n, 39, 124, 107). 
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If the nitrobenzyl ester is not satisfactory for the characterisation of the acid, 
nuclear-substitnted co-bromoaeetophenones may be used instead of p-nitro- 
benzyl bromide (Judefind and Reid, */. Amer, Chem. Soc., 1920, 42, 1043; 
Hann, Reid, and Jamieson, ihid.^ 1930, 52, 818). 

Methyl esters of carboxylic acids may also be prepared by the 
action of diazomethane on the free acid (v. Pechmann, Ber., 1895, 
28, 856). 


(f) Preparation of Aldehydes and Ketones from Acids. 

It has been known for some time that some salts of the mono- 
basic acids yield ketones by dry distillation (Peligot, Annalen, 
1834, 12, 40), the calcium and barium salts being generally employed. 

(R-C0-0)2Ca — > RgCO + CaCOg 

This process is used for the technical production of acetone by the 
distillation of calcium acetate. The salts of the higher homologues 
of acetic acid and those of many aromatic acids behave similarly. 

The reaction has been extended to the preparation of aldehydes 
and of mixed ketones. Aldehydes are formed by the dry distillation 
of an intimate mixture of calcium or barium formate with the 
corresponding salt of a suitable monobasic acid. 

(R-C02)2Ca + (H-C02)2Ca — >• 2R-CHO + 2CaC03 

Similarly, mixed ketones are obtained by replacing the calcium 
formate by the calcium salt of another acid. 

(R-C02)2Ca + (R'-C02)2Ca — ^ 2R-CO-R' + 2CaC03 

Such methods are, however, generally inconvenient and usually 
give poor yields, but are nevertheless employed in special circum- 
stances (compare Morgan and Holmes, J.S.C.I.y 1925, 44, 108t, 
491t). 

A more satisfactory process for the preparation of ketones is the 
catalytic method of Senderens {Compt. rend., 1909, 148, 927 ; 149, 213, 
995), in which the fatty acid or mixture of fatty acids is passed 
through a tube containing thorium oxide heated to 400°. The 
yields of ketones of the type R-CO-CHg (R = alkyl) obtained by 
this method are about 70 — 90% of theory (Pickard and Kenyon, 
1911, 99, 56; 1912,101,628; 1913,103,1936). 

Dibasic acids of suitable structure may be converted into cyclic 
ketones. Thus ketopentamethylene (II) is obtained by the dry 
distillation of the calcium salt of adipic acid (I). The calcium salts 
of suberic, pimelic, and azelaic acids behave similarly, but the yield 
of ketone depends on the number of -CH 2 groups present. 
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(Hentzschel and J. Wislicemis, Annalen, 1893, 275, 312 ; Wislioenus 
and eo-workers, ibid., pp, 341, 351, 356). 



CARBOXYLIC ACIDS 


203 


Among the variations of this method which have been employed 
are distillation of the dibasic acid with iron filings or with salts of 
nickel, iron, cobalt, manganese or other catalysts (Farbenfabrik 
vorm. F. Bayer and Co., D.R.-P. 256,622) ; slow distillation of the 
acid with acetic anhydride (Blanc, Compt. rend., 1907, 144, 1356 ; 
Bull Soc, chim., 1908, [iv], 3, 778, 780) ; slow distillation of the acid 
in a stream of carbon dioxide (Aschan, Rer., 1912, 45, 1605). 

Recently the preparation of cychc ketones by the dry distillation 
of salts of dibasic acids other than those of the alkaline earths has 
received considerable attention. In particular, thorium, cerium, 
and yttrium salts have been used with good results. The following 
table shows how the yield of ketone is dependent on the acid and 
on the experimental conditions. 


Acid. 

Salt used and yield of ketone. 

Free 

acid. 

Ca. 

Th. 

Ce'". 

Zr. 

Pb. 

Fe. 

Glutaric . 

0 

0 

— 





<1 

0 

Adipic 

45 

15 

— 

— 

— 

51 

80 

Pimelic 

40—50 

70 

— 

— 

— 

56 

52 

Suberic 

35 

50 

45 

— 

2—3 

40 

<2 

Azelaic 

, 5 

20 

10 

2 ■ 

2' 

10 

<1 

Sebacic 

<1 

ho 

1 

■ 

— 

<1 

<1 


(Bxizicka, Brugger, M. Pfeiffer, Schinz, and Stoll, Helv, Chi^n. Acta, 1926, 
9, 499; Vogel, J., 1928, 2032.) 


The distillation of salts of dibasic acids has been extended by 
Ruzicka and his co-workers to the preparation of a series of cyclic 
ketones containing 9 — 30 carbon atoms {Helv. Chim.- Acta, 1926, 
9, 249, 399, 499; 1928, 11, 496, 670, 686). The process of cyclis- 
ation appears to occur in two directions : (a) the formation of a 
mono-ketone ; (b) formation of a diketone by condensation of 

2 molecules of acid. The diketone is formed in relatively small 
amount (Ruzicka, Stoll, Huyser, and Boekenoogen, Helv. Ohim. 
Acta, 1930, 13, 1152). 
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The formation of cyclic ketones is accompanied by forinat.iou of 
saturated monobasic acids (Aschan, loc. cit. ; Vogclj lor., cit.), ami 
according to Aschan by some unsaturated acu'd also. 

iVom some dibasic acids abnormal products result. Thus fb<' 
thorium salt of azelaic acid yields on dry distillation ci/do-oc^imunw 
as the main product with small amount.s of oy/o/olicxaiioiK^ l)csidt;s 
(Ruzicka and Brugger, Helv. Chim. Ada, 9, il!)!); coiiipure. 

Day, Kon, and Stevenson, 1920, 117, 042). In ibis fomuudion 
it should be noted that in the preparatiem of opim-cbaiu ktdoncti 
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by dry distillation of the calcium salts of monobasic acids several 
observations of the formation of abnormal products are recorded. 
Thus methyl ethyl ketone is reported as a minor product of the dry 
distillation of calcium acetate (Nef, Annalen, 1900, 310, 333; 
compare Friedel, ibid., 1858, 108, 125; Grimm, ibid., 1871, 157, 253). 

(g) Behaviour of Acids and their Salts on Electrolysis. 

Kolbe {Annalen, 1849, 69, 279) reported that concentrated 
solutions of sodium acetate . yield ethane and carbon dioxide on 
electrolysis. It has since been recognised that small amounts of 
other products are formed such as hydrogen and ethylene (Kempf 
and Kolbe, J. jpr. Chem., 1871, [ii], 4, 46) or methyl alcohol (Hofer 
and Moest, Z. Elehtrochem., 1904, 10, 833). 

Investigations of the behaviour on electrolysis of salts of the 
homologues of acetic acid have shown that the usual products 
are a mixture of olefin and paraffin, ester and alcohol (compare 
Petersen, Z. phys. Chem., 1900, 33, 108, 295). Thus potassium 
valerate yields '?^-octane, n-butyl valerate, butylene, and hydrogen. 
Potassium caproate yields chiefly 72.-decane with small amounts of 
amyl alcohol, amyl caproate, and amylene. The principal product 
of the electrolysis of trichloroacetic acid is the trichloroacetate of 
trichloromethyl alcohol (Elbs and Ejratz, J. pr. Chem., 1897, [ii], 
55, 502). 

The formation of these different types of products has been 
explained either by the union of discharged anions (Scheme 6) 
(Crum Brown and J. Walker, Annalen, 1891, 261, 107) or by direct 
oxidation (Scheme a) (compare R. E. Gibson, J., 1925, 127, 475). 
The oxidation hypothesis appears to be the more likely. 

R-CO-OH + R-CO-OH + 0 — > R-R + 2 CO 2 + H^O 

— ^ R'CO*OR + CO 2 + HgO Scheme a 
R-CO-OH + O — > R-OH + CO 2 

2R-C02' + CO 2 

R-CO-OR + COo Scheme b 

R-COa' + OH' — ^ R-OH + COg 

A more satisfactory application of electrosynthesis is to be found 
in the formation of the esters of dibasic acids by the electrolysis of 
acid esters of dibasic acids (Crum Brown and J, Walker, Annalen, 
1891, 261, 107 ; 1893, 274, 41) 

2 Alk-02C*(CH2)^-C02' — > Alk-02G(CH2).,-(CH2)^-C0.2-Alk + 200^ 

(h) Elimination of Carbon Dioxide from Carboxylic Acids. 

Monobasic carboxyhc acids such as the saturated and unsub- 
stituted aliphatic acids or benzoic acid and its homologues are 
comparatively stable and do not easily yield carbon dioxide on 
heating. The presence of negative substituents such as -NO 2 , 
-OOgH, and to a less extent phenyl, in the fatty acids generally 
^reduces the stabihty. The effect is most pronounced if the sub- 
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stituent occupies the a-position mth respect to the carboxyl. The 
general effect is illustrated by the following examples. 

CHo'COoH Unchanged at 390°. Engler and Low, Ber., 1893, 

26, 1436. 

Loses CO 2 and converted 
into acetic acid at its 
melting point. 

Yields anhydride on dis- 
tillation. 

Moist acid slowly loses COg Steinkopf, Ber., 1909, 42, 
at room temperature to 3925. 
form CH 3 *N 02 . 

After several hours at 350 — Engler and Low, loc. cit. 
375°, 75% converted into 
toluene. 

Ph*CH 2 *CHo*COoH Onlv slightlv changed at Engler and Low, loc. cit. 

370°. 

Yields COg and fluorene at W. Wislicenus and Euth- 
I ^CH-COsH about 220— -230°. ing, Ber., 1913, 46, 2771. 

C6H4 

The ready elimination of carbon dioxide from some classes of 
a-substituted fatty acids is frequently utilised for syntheses or in 
preparativ'e work. One of the most important of such applications 
is to be found in the malonic acid synthesis. This method is 
available for the preparation of unsaturated monobasic acids by 
the condensation of an aldehyde with malonic acid (p. 147) ; glutaric 
acid and its ^-substituted products by condensation of malonic 
esters with formaldehyde and other aliphatic aldehydes under 
suitable conditions (equations c) (p. 149); the formation of mono- 
basic fatty acids by reaction of the sodium salt of diethyl malonate 
with alkyl hahdes (equation a ) ; the formation of succinic acid and 
its alkyl-substituted products from the action of iodine on the 
sodium derivatives of malonic esters (equation b). These are 
represented by the following schemes : 


COoH- 

9H2 

CO2H 

CH2UO3H 

CHa-COaH 

NOs-CHa-COaH 

Ph-CHaCOaH 


(pOgEt 

COoEt 


90,Et 

I19H 

COgEt 

COoEt 

CO,Et 


^OjEt 
— E.*(pNa 
COjEt 

R-C-R' — ^ 

CO2H 


>CH-C02H 


90aEt 

2Na9H 

COjEt 


CH(COaEt)2 

CH(C02Et)a 


^HCCOgH), 

CH(C02H)a 


9Ha-C02H 

CHa-COaH 


902 Et 9H(C02Et)2 9H(C02H)2 9H2*C02H 

E-CHO + 29 H 2 -^R-9H -> R 9 H ROH (c) 

COaEt CH(C02Et)a CH(C02H)a CHa'COaH 
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The decarboxylation of these acids is effected by heating above 
their melting point. 

An analogous behaviour of cinnamic acid is used for the prepar- 
ation of styrene. The decomposition is, however, slower than that 
of malonic acid. 

Preparation of Styrene . — Cinnamic acid (148 g.) mixed with 2 g. of quinol 
and some pieces of porous tile is slowly distilled through a fractionating column, 
so that the temperature of the vapour at the head of the column never exceeds 
130° and is mainly below 120°. Styrene distils over and is collected in 
a cooled receiver containing about h g. of quinol. 

When no more styrene passes over, the distillate is mixed with water and 
distilled. The styrene which is obtained in the distillate is separated from the 
water, dried over calcium chloride, and distilled under reduced pressure, 
b. p. 44 — 46° /40 mm. — ^yield 40 — 42 g- 

The fractionating column recommended by the authors is 24 cm. long 
from the side arm to the lower end and has an internal diameter of 13 — 14 
mm. (Abbot and J. It. JTohnson, Organic Syntheses, 1928, 8, 85). 

Many acids lose carbon dioxide comparatively readily by heating 
either aqueous solutions of the free acid or its salts. Thus a-nitro- 
acetic acid is very sensitive to traces of moisture, yielding nitro- 
methane and carbon dioxide ; the rate of decomposition increases 
on warming. This ready elimination of carbon dioxide is no doubt 
the basis of Kolbe's method of preparing nitromethane, in which 
an aqueous solution of a salt of chloro- or bromo-acetic acid is 
heated with a solution of sodium nitrite to replace the halogen 
(Kolbe, J, pr, Chem., 1872, [ii], 5, 427 ; Preibisch, ibid., 1874, [ii], 
8, 310). 

CHaCl-COalSra + NaNO, — ^ CH2(N02)-C02]Sra 

CHg-NOg + NaHCOg 

This method has been extended to the preparation of homologues 
of nitromethane by using the appropriate a-halogen- substituted 
fatty acid instead of chloroacetic acid. The yield of nitro-com- 
pound, however, diminishes as the series is ascended, and the method 
is of little practical importance beyond the sixth or seventh 
member of the series (compare. Auger, Bull. Soc. chim., 1900, [iii], 
23, 333). 

Preparation of Nitromethane . — solution of 94*5 g. of chloroacetic acid in 
100 c.c. of ice-water is neutralised in a 750-c.c. distillation flask by the cautious 
addition of about 70 c.c. of cold 40% sodium hydroxide solution. The 
temperature should be kept below 20° and the addition of alkali continued 
till the solution is faintly alkaline to phenolphthalein. A solution of 74 g. 
of sodium nitrite in 100 c.c. of water is now added and the mixture gradually 
warmed till hubbies of carbon dioxide appear. The heating is now stopped 
and the reaction allowed to proceed by itself. During this stage some nitro- 
methane and water distil over. When the reaction moderates, the heating 
is continued and the remainder of the nitromethane distilled over, till the 
volume of the distillate is about 110 c.c. The nitromethane in the distillate 
is separated from the aqueous layer, which is mixed with salt and again 
distilled till about a quarter of its bulk has been collected. This furnishes 
a further quantity of nitromethane. 
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The nitrometlian© is dried over calcium chloride and distilled, b. p. 98 — 
101°— yield about 35% of theory (F. C. andM. G. Whitmore, Orgamo Syntheses, 
1923, 3, 83). 

There are several recorded examples of acids losing carbon dioxide 
more readily in aqueous solution them in the dry state. The 
decarboxylation under these conditions is usually favoured by the 
presence of weakly alkaline solutions. Thus fluorene-9-carboxylic 
acid, which in the dry state loses carbon dioxide when fused (210 — 
220""), is smoothly converted into fluorene by boiling its solution in 
dilute alkali. An interesting case of the ehmination of carbon 
dioxide is the formation of co-bromostyrene by heating ap-dibromo- 
p-phenylpropionic acid with water or dilute aqueous alkali (Fittig 
and Binder, Armalen, 1879, 195, 141 ; Nef, ibid., 1899, 308, 267). 

Ph-CHBr-CHBr-COaH — Ph-CHICHBr + CO^ + HBr 

Apparently the removal of the carbon dioxide occurs simultaneously 
with the removal of the elements of hydrogen bromide (Sudborough 
and Thompson, J., 1903, 83, 681). Although ap-dibromo-p-phenyl- 
pi^opionic acid yields co-bromostyrene, it is curious that a-bromo- 
cionamic acid does not lose carbon dioxide so readily. 

Further examples of the concurrent elimination of halogen hydride 
and carbon dioxide are seen in the formation of styrene by boiling 
P-phenyl-P-bromppropionic acid or the corresponding iodo-com- 
pound with water or dilute sodium carbonate solution (Fittig and 
Binder, loc. cit .) ; or in the formation of butylene from a-methyl-P- 
iodobutyric acid by warming with aqueous sodium carbonate 
(J. Wislicenus, Talbot, and Henze, Annalen, 1900, 313, 228). 

Freparation oj oj-Bro7no8tyrene . — Cinnamic acid dibromide (200 g.) is heated 
with 1140 c.c. of 10% sodium carbonate solution under reflux. du-Bromo- 
styrene soon commences to separate, and when the reaction is complete, the 
do-bromostyrene is removed and dried. • It can then be used directly for the 
preparation of phenylacetylene (Nef, Annalen, 1899, 308, 267). 

The ease with w^hich nuclear-substituted benzoic acids are 
decarboxylated depends on the nature of the substituent groups 
and their orientation with respect to the carboxyl. If the hydroxyl 
groups are ortho or ^ara to the carboxyl, they have a marked 
influence. Thus salicylic and p -hydroxy benzoic acids are partially 
resolved into phenol and carbon dioxide by heating above their 
melting poiat, or by heating with aniline. m-Hydroxybenzoic acid, 
on the other hand, is staWe on heating, 2 : 4-Dih3?^droxybenzoiG 
acid is largely converted into resorcinol by boiling its dilute aqueous 
solution for about an hour. Phloroglucin carboxylic acid is almost 
entirely decomposed by boihng its dilute aqueous solution for I- hour 
(Hemmelmayr, Monatsh., 1913, 34, 365). Gallic acid is easily con- 
verted into pyxogallol on heating. 

Amino-groups in the nucleus also lower the stability of the 
carboxyl. It is noteworthy that the bromobenzoic acids do not 
show any marked tendency to lose carbon dioxide. Mono- and 
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di-nitrobenzoic acids are also comparatively stable, altbougli 
2:4: 6>trinitrobenzoic acid readily furnishes trinitrobeixzaic 
on heating aqueous solutions of its salts. 

Preparation 0 / 1 : 3 : Q-Trinitrohenzene . — Crude 2:4: G-trinitrobenzoic acid 
(46 g.) is mechamcally stirred with 400 c.c. of water at 35° and a 15% solution 
of sodium hydroxide added till a faint red colour is produced.* After dis- 
charging the colour by the addition of a drop of acetic acid, the liquid is 
filtered and the filtrate mixed with 15 c.c. of glacial acetic acid, and gently 
heated while it is mechanically stirred. Trinitrobenzene commences to 
separate as a frothy layer, and it is advisable, if the evolution of carbon di- 
oxide becomes too vigorous, to regulate the heating. When the evolution of 
carbon dioxide ceases, heating and stirring are continued till the solution 
contains no more trinitrobenzoate. This is easily ascertained by filtering 
a portion of the solution and adding dilute sulphuric acid to the filtrate. If 
no precipitate is formed, the reaction is complete. 

The crude trinitrobenzene is then filtered off and crystallised from glacial 
acetic acid, m. p. 121 — 122° — yield about 28 — 30 g. (Clarke and Hartman, 
Organic Syntheses, 1922, 2, 93). 

Those acids which lose carbon dioxide comparatively readily 
can be decarboxylated conveniently by heating with amines such 
as pyridine, aniline, quinoline, or dimethylaniline. Thus benzal- 
malonic acid mixed with pyridine or quinoline eliminates carbon 
dioxide at room temperature to furnish the amine salts of cinnamic 
acid (Staudinger, Ber,, 1906, 39, 3067 footnote). Phenolcarboxylic 
acids are converted into the corresponding phenols by heating with 
quinoline or pyridine. m-Hydroxybenzoic acid is, however, stable 
under these conditions (Claisen, Annalen, 1918, 418, 76 footnote, 
p. 80 ; compare Hemmelmayr, loc. cit.). 

When this method fails, decarboxylation can be generally achieved 
by heating an intimate mixture of the acid and an excess of 
poivdered soda lime. 


(2) Special Reactions of the Commoner Groups of Acids. 

(a) Fatty Acids. 

The physical properties of members of this series show a regular 
change as the series is ascended. The alteration in melting point 
and boiling point is seen in Table XII. (p. 254). The change in 
odour is very pronounced, the lowest members of the series having 
sharp pungent odoms. ' The odour of formic acid is similar to that of 
sulphur dioxide, while butyric and valeric acids and their immediate 
homologues have rancid persistent odours which are extremely 
disagreeable ; lauric acid and the higher acids are, however, almost 
odourless. 

The solubility of these acids in water diminishes with increasing 
molecular weight, and similar gradations in solubility are found in 
their salts. While the alkah salts of formic and acetic acid are 
crystallme solids readily soluble in water, the corresponding salts of 

* The temperature should be kept below 45° during neutralisation, other- 
wise decomposition of the acid occurs. 
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palmitic, stearic, and myristic acids are soaps. Salts of the higher 
fatty acids with other metals have abnormal solubilities. 

The reactions of formic acid are exceptional in that it is oxidised 
by ammoniacal solutions of silver nitrate ; by aqueous mercuric 
chloride with the production of mercurous chloride and of mercury ; 
and by permanganate. Concentrated sulphuric acid converts it into 
carbon monoxide. The other members of the series do not show 
these reactions, being stable to warm concentrated sulphuric acid 
and not sensibly attacked by permanganate or cold dilute chromic 
acid. 

Substitution in the alkyl grouping takes place comparatively 
easily by the action of bromine or chlorine. When the substitution 
is regulated to give monohalogen-substituted acids, the product is 
exclusively an a-halogen-substituted acid or acid halide. The 
importance of this reaction lies in the fact that it furnishes starting 
points for the preparation of other a-substituted fatty acids by 
replacement of the halogen. It is moreover used in the stepwise 
degradation of the fatty acids, the halogen- substituted acid being 
converted into the corresponding a-hydroxy-acid, and thence, by 
oxidation, into a fatty acid containing one carbon atom less. 

Preparation of . a-Bromopalmitic Acid. — ^Bry bromine (45 g.) is added cauti- 
ously to a mixture of palmitic aeid (100 g.) and red phosphorus. Heat is 
evolved and care is necessary during the bromination. When all the bromine 
has been added, the reaction mixture is heated on a water-bath for about 
6 hoxirs and then kept at room temperature overnight. The product is 
bromopalmityl bromide. It is poured into water and the mixture heated on 
the water-bath for a short time and then kept for some hoTirs at room temper- 
ature. Crude bromopalmitic acid is obtained as a solid which is purified by 
washing with water, then melting with water, and finally dissolving in ether, 
filtering, and drying. Evaporation of the solvent leaves almost pure bromo- 
palmitic acid, m. p. 51 — 52° — ^yield 125 g. 

a-Bromopentadeeylic and a-bromomyristie acids are prepared similarly 
(Le Sueur, tl., 1905, 87, 1895; compare Hell and Sadomski, Ber.y 1891, 24, 
2390; YolihB.Tdy Annaleriy 1887,242,141). 

Tke use of phosphorus is not essential in the bromination, for 
Lapworth ( /., 1904, 85, 41) has found that pure dry acetic acid 
saturated with dry hydrogen chloride is readily attacked by bromine 
to yueld bromoacetic acid (compare Ward, J., 1922, 121, 1161). 
It has been suggested that the bromination is dependent on the 
conversion of the acid or its bromide into an enolic modification 
(compare Aschan, Ber., 1913, 46, 2162; 1912, 45, 1913). For 
purposes of preparation it is, however, more convenient to use a 
small quantity of red phosphorus in the bromination (about 1 — 2% 
is sufficient) (Ward, loc. cit.)^ 

Preparation of (x.-PromoacetiG Acid. — Bromine (dried in contact with con- 
centrated sulphuric aeid) (58 g.) is added from a tap funnel to dry acetic acid 
(20 g.) in winch is suspended 0*4 g. of dry red phosphorus. The mixture is 
then heated under refiux in an oil-bath at 100-^105° till all the bromine has 
reacted. The product, which solidifies on cooling, is distilled. The main 
bulk of the bromoacetic aeid is collected at 203° after a small amount of bromo- 
acetyi bromide and unchanged acetic acid have passed over in the first runnings 
(Ward, loc. cit.). 

P 
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Preparation of a-Bo'cmocaproio Acid, — 200 Gr. of freshly distilled and dry 
n-caproic acid are mixed with 300 g. of bromine (dried in contact with con- 
centrated sulphuric acid) and about 3 g. of phosphorus trichloride added. 
The mixture is heated under reflux at about 60 — 70°. A smooth evolution 
of hydrogen bromide occurs, and as the reaction slackens, the temperature is 
gradually raised to 100°. When all the bromine has reacted, the product 
is distilled under reduced pressure. a-Bromo-n-caproic acid is collected at 
132 — 140°/15 mm. (H. T. Clarke and Taylor, Organic Syntheses, 1924, 4, 9). 

Estimation of the Fatty Acids. — ^Pure specimens of acids are 
estimated simply by titration with standard alkali using phenol- 
phthalein as indicator. Acids insoluble in water are best titrated 
in neutral aqueous alcoholic solution. 

Special methods for the estimation of formic acid take advantage 
of the fact that it is quantitatively oxidised by permanganate in 
dilute sodium carbonate solution (Rupp, ZeitscJi. anal. Chem., 1906, 
45, 687). Por other methods of estimation, the following papers 
should be consulted ; Rupp, Arch. Pharm., 1905, 243, 69 ; Freyer, 
Chem. Zeit., 1895, 19, 1184; Leys, Chem. Neivs, 1898, 78, 245. 
By a suitable choice of these methods formic acid may be estimated 
in presence of other acids of the series. 

If a mixture of two fatty acids is under examination, an approxim- 
ately accurate analysis of the composition of the mixture may be 
made by converting the mixture into salts and subsequently estim- 
ating the proportion of metal in the mixture. A very convenient 
method applicable to fatty acids volatile in steam and miscible with 
water is due to Duclaux [Ann, Inst. Pasteur, 1895, 9, 269). It has 
been employed very successfully for the determination of the 
composition of mixtures of fatty acids in fermentation products 
and for the estimation of small amounts of impurities in specimens 
of the lower fatty acids (Reilly, Hickinbottom, Henley, and Thaysen, 
Biochem. J., 1920, 14, 237; Lamb, J. Amer. Chem. Soc., 1917, 39, 
731 ; Richmond, Analyst, 1919, 44, 255). It is an empirical method, 
and its success depends on careful adherence to the prescribed 
conditions. Improvements in the process have been described by 
Reilly and Hickinbottom [Sci. Proc. Boy. Dublin Soc., 1919, 15, 
513; 1920,16, 120). 


(b) Aromatic Acids. 

The carboxylic derivatives of benzene and its homologues are in 
general sparingly soluble in water and have higher melting points 
than the fatty acids. Their salts with alkali metals are usually 
crystalline solids, soluble in water, w^hich give sparingly soluble 
basic salts with ferric salts. The silver salts are generally precipit- 
ated by the addition of silver nitrate to neutral solutions. 

The acids are stable to cold aqueous permanganate, although acids 
containing alkyl ^oups attached to the nucleus suffer oxidation by 
boiling with alkaline permanganate, the alkyl group being converted 
into carboxyl as in the oxidation of the homologues of benzene 
(see p. 34)* 
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Substitution in the nucleus is efiected by the usual processes of 
nitration, halogenation, and sulphonation. 

Preparation of m-Nitrobenzoic Acid. — intimate mixture of finely- 
powdered potassium nitrate (200 g.) and benzoic acid (100 g.) is gradually 
added to concentrated sulphuric acid (300 g.), which is mechanically stirred. 
When all the solid has been added, the reaction is completed by gently warming 
till the separation of the nitrobenzoic acids as an oily layer is complete. After 
cooling, the acid is collected and freed from mineral acid by washing with water 
and then melting twice with water. 

The product consists of m-nitrobenzoic acid with some o-nitro-acid. The 
latter is removed by suspending the crude product in twenty times its weight 
of boiling water and neutralising with concentrated baryta solution. The 
barium salt of w-nitrobenzoic acid is sparingly soluble and is filtered ofi. 
By warming the barium salt with hydrochloric acid, m-nitrobenzoic acid is 
liberated. It may be further purified by crystallisation from hot water, 
m. p. 141°. 

Preparation of 3 : 5-DinitrohenzoiG Acid . — Fuming nitric acid (130 g.) 
is added, in small portions, to a solution of 50 g. of benzoic acid in 500 g. of 
concentrated sulphuric acid. The mixture is then heated for 8 — 10 hours 
on a steam-bath and finally for 1 — 2 hours on a sand-bath till no more brown 
fumes are evolved. The nitration mixture is poured into 4 — 5 1. of ice-water. 
The precipitate of crude 3 : 5 -dinitrobenzoic acid is collected, washed with 
water, and purified by crystallisation from hot water or alcohol, m. p. 204° 
(Shukofi, Ber., 1895, 28, 1800). 

Preparation of Q-Ghloro-Z-nitrobenzoio Acid. — ^A mixture of 15 g. of nitric 
acid (100% concentration) and concentrated sulphuric acid (30 g.) is slowly 
added to a solution of 30 g. of o-chlorobenzoic acid in 100 g. of concentrated 
sulphuric acid. After keeping overnight, the reaction mixture is poured into 
ice -water, the precipitated acid collected, washed, and then crystallised from 
dilute alcohol, m. p. 165° (Rupe, Ber., 1897, 30 , 1099). 

Preparation of Z~Nitrophthalic Acid. — A mixture of 50 g. of phthalic acid, 
75 g. of sulphuric acid, and 75 g. of fuming nitric acid is heated in a water- 
bath for 2 hours. After cooling, 120 e.c. of water are added and the pre- 
cipitated acids collected after keeping for 12 hours. The precipitate is drained 
as completely as possible and then spread on porous tiles. 

By crystallisation of the dried acid from water, 3-nitrophthalic acid is 
obtained pure. A more satisfactory method of purification consists in ex- 
tracting the crude dried product with ether. The ethereal solutions are 
evaporated and the residue is crystallised repeatedly from water. The more 
insoluble fractions are 3-nitrophthalic acid — ^very pale yellow prisms, m. p. 
circa 207° (dec.). 

The aqueous mother -liquors contain a considerable proportion of 4-nitro- 
phthalic acid. This is separated by taking advantage of the fact that on 
esterification it more readily yields a neutral ester than the 3-nitro-acid. 

The aqueous solutions from the crystallisation are evaporated and the solid 
residue is dried at 100° for 2 hours. It is then dissolved in about 1 J times its 
weight of dry ethyl alcohol, the solution saturated with hydrogen chloride, 
and then heated in a water-bath for 3 hours. The resulting solution is poured 
into water, the oil taken up and washed several times with sodium carbonate 
solution. The neutral ester of 4-nitrophthalic acid, which remains, gradually 
solidifies. It is purified by crystallisation from ether and afterwards from 
alcohol, m. p. 34—35°. 

The hydrolysis of the ester is best efiected by alcoholic potash, the following 
proportions — 30 g. of ester, 60 g. of absolute alcohol, and 12 g. of potassium 
hydroxide in 10 c.c. of water — ^yielding a precipitate of the potassium salt. 
After draining and washing with alcohol, it is dissolved in water and acidified. 
The pure acid, m. p. 162°, is precipitated (Miller, Annalen, 1881, 208 , 223; 
compare Bogert and Boroscheck, J. Amer. Chem. Soc., 1901, 23, 744). 

Preparation of 3-Bromobenzoic Acid. — ^A mixture of 7 g. of benzoic acid. 
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9*6 g. of bromine, and 30 c.c. of water is heated in a sealed tube for about 
12 hours at between 130° and 160°. The contents of the tube are filtered 
washed with water, and then crystallised from hot water or aqueous alcohol' 
m. p. 155° — ^yield about 6 — 7 g. 

Characterisation of the monobasic aromatic acids is usually 
effected by the preparation of amides or anilides by the methods 
already indicated. Solid esters derived by reaction of the salts of 
the acids with nitrobenzyl bromide or substituted co-bromoaceto- 
phenones are also used. Those acids containing alkyl groups may 
be oxidised by alkaline permanganate and the polybasic acids then 
characterised by determination of the equivalent weight and by 
the preparation of suitable derivatives. 

Many dibasic acids do not yield satisfactory melting points. 
Those with the carboxyls in the ortho position to each other yield 
well-defined anhydrides by distillation either alone or wdth acetic 
anhydride. With the carboxyls in other positions, the preparation 
of methyl esters often gives satisfactory results. 

Pre'paration of Dimethyl Ester of i^oPhthalic Acid. — 0*1 G. of -tsophthalic 
acid and 0*3 g. of phosphorus pentachlorid© are heated cautiously over a very 
small flame till the mixture melts to a clear liquid. It is then cooled and dis- 
solved in 2 c.c. of methyl alcohol. Dimethyl -isophthalate is precipitated 
from the solution by the addition of 5 c.c. of water. The precipitate of the 
ester is collected by filtration, washed with 2 c.c. of w^ater, and then crystallised 
from a small quantity of aqueous methyl alcohol, m. p. 64°. Terephthalic 
acid yields a crystalline dimethyl ester, m. p. 140°, by a similar process (Mulli- 
ken, The Identification of Pure Organic Compo^mds, Vol. 1, p. 85). 

(c) Unsaturated Acids. 

Most of the special reactions of unsaturated acids due to the 
presence of the double bond have been discussed in Chap. I, 
pp. 4-30. The addition of bromine to the unsaturated linkages of 
acids is frequently a very slow reaction, and consequently of 
uncertain value in the recognition of unsaturated acids. A more 
certain method of detection, which must, of course, be taken in 
conjunction with other tests, is the reaction with cold dilute neutral 
aqueous permanganate. Unsaturated acids cause reduction of the 
permanganate to manganese dioxide. 

Unsaturated acids should be characterised as far as possible by 
methods which establish the presence of unsaturated linkages — 
such as formation of addition compounds with bromine ; oxidation 
with permanganate, ozone or peracids; hydrogenation. Amides, 
anihdes, or even esters should also be prepared. Higher unsaturated 
fatty acids are also characterised by their iodine value. 

DetermiruUion of Iodine Value. Wijs Method. — stock solution of iodine 
prepared by passing chlorine into a solution of 13 g. of iodine 
m 1000 c.c. of acetic acid till the original iodine titration has been doubled. 
In© ccmcentratiou of this solution is determined before each series of iodine 
value detern^atioas, by adding an excess of potassium iodide to a known 
ymyime of the iodine monochlorid© solution and then titrating the liberated 
iodine with thiosulphate. 
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For the determination of the iodine value, a known weight of the fat or 
acid (0*15 — 1 g. according to the degree of unsaturation) is dissolved in 10 c.c. 
of carbon tetrachloride and mixed with a measured volume of iodine mono- 
chloride solution. The mixture, which must contain an excess of iodine 
monochloride solution, is kept in a dark cupboard till the reaction is complete . 
This mav require from ^ hour for iodine values below 100 ; 1 2 hours for 

semi-drying oils; 2 — 6 hours for drying oils. 

When the addition is complete, an excess of potassium iodide solution is 
added, the mixture shaken, diluted with water, and the free iodine determined 
by titration with thiosulphate. ^ _ n r j-i. 

The results are calculated to give the grams of iodine used by 100 g. of the 
sample, which is the definition of the term iodine value.” 

An alternative method is available in which the iodine mono- 
chloride solution is replaced by an alcoholic solution of iodine and 
mercuric chloride. 


(d) Hydroxy-Acids. 


The hydroxy-acids, by virtue of an alcoholic group, react not 
only as acids, but also as alcohols, for the hydroxyl may be replaced 
by halogen or may yield acyl derivatives. They exhibit some 
reactions which are dependent on the position of the hydroxyl 
with respect to the carboxyl. In the following paragraphs reference 
is made to the more important characteristics of some of the classes 
of hydroxy-acids. 

1. oi-Hydroxy -Acids . — ^These acids suffer two main types of change 
on heating : (1) esterification of the alcoholic hydroxyl by the carb- 
oxyl of another molecule of acid to give a hemilactide (I), and finally 
a lactide (II) . (2) Elimination of the elements of formic acid to yield 

an aldehyde 


2R-CH{0H)-C02H 


R-9H-C0.2H (I.) 

0-CO-CH(OH)-R 


R-CpH-CO-O 

O-CO-CHR 


R-CH(0H)-C02H — > R-CHO + HCOgH. (II.) 

These reactions have been examined for acids of the type 
R'CH( 0 H)C 02 H up to a-hydroxystearic acid, and it appears that 
they are independent (Le Sueur, 1904, 85, 827 ; 1905, 87, 1888 ; 
Blaise, Compt. rend., 1904, 138, 697; Bull. Soc. chim,, 1904, [iii], 
31, 483; Bagard, ibid., 1907, [iv], 1, 307; Pickard and Kenyon, 
J., 1913, 103, 1947). Better yields of aldehydes are obtained from 
a-acyloxy-acids and a-alkoxy-acids. 

Preparation of^Margaric Aldehyde. — a-Hydroxystearic acid contained in 
a small flask (15 — 20 g. is a convenient amount) is maintained at 270 — 
280° for 1 hour (thermometer in the molten acid). The residues from several 
decompositions are combined and distilled under reduced pressure. The 
distillate is subjected to several fractional distillations under reduced pressure. 

Pure margaric aldehyde passes over at 195 — 210° /26 mm., m. p. 35 — 36° 

yield is approximately 17 — 18 g. from 40 g. of acid (Le Sueur, loc. ciu). 

Preparation of Lactide . — ^Lactic acid is heated at 140 — 150°, either under 
reduced pressure or in a slow current of air- A syrup collects in the receiver, 
vmieh deposits crystals of lactide, m. p. 125° (Wislicenus, Annalen, 1872, 164 , 
191; 1873, 167 , 319, /oo^note). 
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Hydroxy-acids of the type RR'C(0H)*C02H behave similarly 
on heatiag, yielding a ketone instead of an aldehyde. In addition, 
an unsaturated acid is also formed. For the earlier members of the 
series (where R and R' are methyl, ethyl, or propyl) the yield of 
unsaturated acid increases at the expense of the ketone as the series 
is ascended (Blaise and Bagard, Compt, rend,, 1906, 142, 1087). 

The direct conversion of free a-hydroxy-acids into the corre- 
sponding a-keto-acids is rendered difficult owing to the ease with 
which further oxidation occurs. It has, however, been accomplished 
by the action of permanganate on neutral aqueous solutions of some 
a-hydroxy-acids, but the method apparently cannot be applied 
generally (Beilstein and Wiegand, Ber., 1884, 17, 840; Heller, 
1911, 44, 2419 ; 1913,46,287). A better method of obtaining 
a-keto-acids from the corresponding a-hydroxy-acids consists in 
oxidising the esters with permanganate (Aristoff and DemjanofP, 
J. Buss, Fhys, Chem, Soc,, 1887, 1, 257). Oxidation of aqueous 
solutions of the free a-hydroxy-aeids to a-keto-acids can be accom- 
plished by Fenton's reagent — ^hydrogen peroxide and a trace of a 
ferrous salt. 

Preparation of Pyruvic Acid , — A solution of lactic acid in water is treated 
with a small amount of ferrous acetate ( J atomic proportion or less), and cooled 
in ice. Oxidation is achieved by adding gradually a solution of hydrogen 
peroxide till about half the calculated amount has been used. It is not ad- 
visable to add more oxidising agent in order to minimise its action on the 
pyruvic acid. The solution must be kept ice cold throughout the oxidation. 
The addition of phenylhydrazine acetate (equivalent to the hydrogen peroxide 
used) gives a yeUow precipitate of the phenylhydrazone of pyruvic acid, m. p. 
192° after crystallisation (Fenton and H. O. Jones, J., 1900, 77, 71). 

This process of oxidation has been applied successfully to the 
preparation of keto-acids from tartaric, glycoUic, and tartronie 
acids (Fenton, J., 1894, 65, 899; Fenton and H. O. Jones, ibid., 
1900, 77, 69). 

The production of aldehydes constitutes an interesting type 
of d^^ation of the a-hydroxy-acids. This may he accomphshed, 
not only by heating (see above), hut also by electrolysis of the 
aqueous solutions of these sodium salts (v. JVIOler and Hofer, Ber., 
1894, 27,467 ; compare Holbe, Annalen, 1860, 113, 244) ; by treatment 
with lead dioxide (Baeyer, Ber., 1897, 30, 1962; Baeyer and H. v. 
Ldebig, ibid., 1898, 31, 2106) ; and also by the action of mercuric 
oxide on aqueous solutions of the hydroxy-acid (Guerbet, Bull, 
Soc. chim., 1908, [iv], 3, 427). This last process has been applied 
not only for the degradation of lactic and of a-hydroxybutyric 
acids to acetaldehyde and propaldehyde respectively, but also to 
the preparation of arahinose from gluconic acid. 

By Dakin’s method — oxidation of the ammonium salt of the 
a-hydroxy-acid with warm 3% hydrogen peroxide — ^the aldehyde 
results with smaller or greater amounts of acid from the further 
oxidation of the aldehyde ( J. Biol, Chem,, 1908, 4, 91), 

More vigorous oxidation of the a-hydroxy-acids by means of per- 
manganate leads to the elimination of an atom of carbon as carbon 
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dioxide and tlie formation of a saturated fatty acid. Tiiis method 
is of importance in that it supplies a method of breaking down the 
fatty acid carbon by carbon, for the a-hydroxy-acids are obtained 
smoothly from the a-bromo-acids (see p. 371) which are derived by 
the direct substitution of the fatty acids (see p. 209). 

2. ^-Hydroxy Acids. — ^The outstanding general difference between 
the a- and the P-hydroxy-acids is the comparative ease with which 
the latter lose the elements of water and are converted into unsatur- 
ated acids. Thus p-hydroxybutyric acid yields crotonic acid by 
distillation with 50% aqueous sulphuric acid. p-Hydroxyvaleric 
acid is converted into a mixture of unsaturated acids either by dis- 
tillation or by heating in alkaline solution (Fittig and Spencer, 
Annalm, 1894, 283, 78). These acids show no tendency to yield 
lactones. 

Esters of the P-hydroxy-acids also eliminate the elements of water 
under suitable contoions. It has been recently studied in detail 
by Kon and Nargund {J., 1932, 2461), who find that a mixture of 
ap- and py-unsaturated esters is formed, the relative proportions 
of the products being dependent on the dehydrating agent used. 

3. y-Hydroxy- Acids, — ^Free y-hydroxy-acids liberated from their 
salts are converted more or less readily into the corresponding 
lactones. 

E-CH(0H)*CH2-CH2-C02H R-CH*OH2*CH2*CO 

0 ^ 1 

Measurements of the rate of formation of lactones in this way 
from y-hydroxy-butyric and -valeric acids, and also of the rate of 
hydrolysis of lactones, indicate that the equilibrium in aqueous 
solution lies on the side of lactone formation. The equilibrium 
mixture contams about 90% of the lactone (Johansson and Sebelius, 
Ber., 1918, 51, 480 ; Kailan, Z, phys. CJiem,, 1919, 94, 111). 

4. Phenolic Acids. — ^In these acids the phenohc hydroxyl can be 
acylated, alkylated, and in general furnishes colour reactions with 
ferric chloride.* The carboxyl group also exhibits many of its normal 
reactions, such as the formation of salts and esters. The reaction 
towards phosphorous tri- and penta-chlorides, however, is not 
restricted to the formation of the acid chloride, for interaction 
between the phosphorus halide and the phenolic hydroxyl occurs 
with the formation of the phosphoric or phosphorous ester of the 
acid chloride. By the further action of phosphorus pentachloride, 
the phenolic hydroxyl may be replaced by chlorine, although the 
reaction is not a smooth one (Anschutz and G. D. Moore, Annalen, 
1887, 239, 343 ; Anschutz, Ber., 1897, 30, 223). 

If, however, the phenolic hydroxyl group is acetylated, reaction 
with phosphorus halides proceeds normally with the production of 
acylated acid chlorides, 

* Some phenolic acids ^ve no coloration with ferric chloride. Some of 
these exceptions are noted in Table XII. 
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One of the most important of these acids is salicylic acid. It 
furnishes a series of dehydration products under the influence of 
suitable dehydrating agents. Of these salicylsalicylic acid is 
formed by the action of thionyl chloride or phosphoryl chloride 
on a benzene solution of the acid in presence of a limited amount 
of a tertiary amine. Tetrasalicyhde and polysahcylide are formed 
by the action of phosphoryl chloride on a toluene solution of the 
acid. Under other conditions — ^namely, distilling -with acetic 
anhydride — ^notable amounts of xanthone are formed (W. H. Perkin, 
sen.: e/., 1883, 43, 35). 

(e) Keto-Acids. 

Owing to the presence of the carbonyl group, these acids can 
react with phenylhydrazine, hydroxylamine, and semicarbazide. 
The instability of these acids is dependent on the position of the 
carbonyl with respect to the carboxyl group. Thus, while the 
a-keto-acids are comparatively stable, p-keto-acids eliminate 
carbon dioxide very readily with the formation of ketones. The 
y-keto-acids are, in general, more stable than the a-keto-acids. 

1. a-Keto- Acids . — These acids can undergo degradation to yield 
either aldehydes or acids (Schemes a and b). 

R-CHO + COg . . (a) 

R-CO-COaH < 

^ R-CO-OH + CO . . . . (6) 

Many a-keto-acids eliminate carbon monoxide on gently warming 
with concentrated sulphuric acid on the water-bath. When the 
evolution of gas has ceased, the solution is poured into water, and 
the resulting acid either filtered off or extracted with ether (Claisen, 
Ber., 1879, 12, 631 ; Beilstein and Wiegand, ibid., 1884, 17, 841 ; 
Bouveault, Bull. Soc. chim., 1897, [ii], 17, 365, 940; compare 
Debus, 1904, 85, 1391). It should be noted that some aliphatic 
a-keto-acids are decomposed largely with the production of the alde- 
hyde by heating them with 10% aqueous sulphuric acid at ISO'" 
(!^ilstein and Wiegand, loc. cit.). 

The formation of carboxylic acids is brought about more conven- 
iently by oxidation in aqueous solution with the calculated amount 
of 30% hydrogen peroxide. By this means pyruvic acid is oxidised 
to acetic acid, while benzoylformic acid yields benzoic acid (HoUe- 
mann, Proc. K. Akad. WetsTisch. Amsterdam^ 1904, 6, 715). 

Preparation of Cinnamylidene Acetic Acid. — 10 G. of the sodimn salt of 
cinnamylidenepyruvic acid, Ph-CHICH-CHrCH-CO-COaN'a, are dissolved in 
2<K) c.e. of water, the solution is cooled in ice, and stirred during the addition 
of 6 c.c. of perhydrol. The oxidising agent is added over a period of 5 — 6 
Eoinutes. The solution becomes turbid, carbon dioxide is evolved and a pre- 
cipitate commences to separate. Stirring is continued as long as any gas is 
evolved. The solution is acidified with 2A^-sulphuric acid when the oxidation 
is complet^ed. The precipitated acid is collected by filtration, washed with 
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water, and dried under reduced pressure over calcium chloride — ^yield 7 g. 
Crystallisation from benzene furnishes the acid as colourless plates, m. p. 
165 — 166^ (Friedmann and Mai, Helv. Chim. Acta, 1931, 14, 1213). 

Aryl keto-acids are smoothly converted into aldehydes by Bou- 
veault’s method, which consists in heating the acid with an excess 
of aniline till the evolution of carbon dioxide and water ceases. 
Vacuum distillation removes the excess of aniline from the azo- 
methine ; the aldehyde is obtained by distillation of the azomethine 
with 25% sulphuric acid (Bouveault, Bull. Soc. chim,, 1896, [iii], 
15, 1018; 1897, [iii], 17, 365). 

R*C0*C02H — ^ B-CINPh-CO^H — >■ R-CHINPh 

Some keto-acids, owing to the tendency to eliminate carbon 
dioxide, can take the place of aldehydes in the Perkin reaction 
(Homolka, Ber., 1885, 18, 987), or in the condensation with dimethyl- 
aniline in presence of zinc chloride (Peter, Ber., 1885, 18, 539). 

2. ^-Keto-Acids. — Free acids of this class are almost entirely 
derived frofn the corresponding esters by hydrolysis. Their isol- 
ation from this source requires carefuUy regulated conditions, 
for the free acids are unstable. The sodium salt of acetoacetic 
acid has been obtained by keeping the ester in contact with a cold 
dilute aqueous solution of sodium hydroxide for 24 hours (Ceresole, 
Ber., 1882, 15, 1871). Free benzoylacetic acid has been obtained 
by W. H, Perldn, jun., and Colman (J., 1886, 49, 157) by hydrolysis 
of the ester with concentrated sulphuric acid at room temperature. 
The alkyl-substituted derivatives of this acid are, however, not 
readily obtained by this treatment. They result, how’^ever, by 
hydrolysis with cold dilute alkali (Hope and W. H. Perkin, jun., 
J., 1909, 95, 2045). The free acids thus obtained are unstable, 
losing carbon dioxide on heating. 

Under more vigorous conditions of hydrolysis P-keto-esters 
undergo fission to yield either ketones or acids. As one or two 
alkyl groups can be easily introduced into the methylene group 
adjacent to the carboxyl group, the controlled hydrolysis of esters 
of P-keto-esters is of considerable importance for the synthesis of 
ketones and acids. 

CH^-CO-CHRB' + CO 2 + Eton (a) 

CH3-C0-CRR'-C02Et< 

^ CHg-COgH + ER'CH-COaH + EtOH (b) 

This introduction of alkyl groups into acetoacetic ester and similar 
compounds is effected by treating the sodium salt of the enolic 
form (see p. 103) with the appropriate allsyl halide. A dialkyl- 
substituted ester is similarly obtained from the monoalliyl deriv- 
ative. 

In general, fission of P-keto-esters to jdeld ketones (reaction a) 
succeeds best by heating with dilute alkalis or acids or by the action 
of water at 200° (Connor and Adkins, J. Amer. Chem. Soc., 1932, 
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54, 3420). More concentrated alkaK favours the formation of acids 
(reaction b). It is evident from the studies of J. WisKcenus on the 
hvdrolvsis of these esters that both reactions occur concurrently 
{Anmien, 1877, 186, 221; 1878, 190, 257; 1881, 208, 308). The 
nature of the substituent alkyl groups has, however, some influence 
in determining the relative proportions of ketone and acid. 

3-Keto-esters undergo fission to yield esters of nitroso fatty 
acids when subjected to the action of nitrous fumes. The reaction 
is represented by the following scheme : 

R-C0-CH(Alk)*C02Et N0-CH(Alk)‘C02Et + R-COaH. 

The formation of nitroso-compounds occurs most readily when 
R = H or methyl (J. Schmidt and co-workers, Annakn, 1910, 
377,23; 1913,398,251). 

3. y-KeioMids.—h. contrast to the p-keto-acids, the y-keto- 
acids do not appear to be enolic. They are, moreover, comparatively 
stable, and generally yield phenylhydrazones, oximes, and semi- 
carbazones. The carbonyl group may be reduced in alkaline 
solution with the formation of the salts of y-hydroxy-acids. 

They undergo a characteristic reaction on distillation alone or, 
better, with acetic anhydride ; the lactone of a hydroxy-^-unsatur- 
ated acid being formed. Thus, Ijevuhc acid (I) yields angelica 
lactone (II); benzolypropionic acid (III) gives a mixture of (IV) 
and (V) (Wolff, Annakn, 1885, 229, 249 ; Thorne, Ber., 1885, 18. 
2263; J., 1881, 39, 343; Thiele, Annakn, 1901, 319, 144; Fittig, 
ibid., 1897, 299, 17). 


CHs-CO-CHa-GHa'COaH CHs-QICH-tJHa Ph*C0-CH2-CH2*C02H 
(I.) 5 — CO (H.) (in.) 

PhU=CH PhUH-CH 


>CH2 

0 m 


1 >CH 
O-CO (V.) 
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DERIVATIVES OE THE CARBOXYLIC ACIDS 


(1) Amides. 

(a) Hydrolysis. 

(h) Salt Formation. 

(c) Reaction with Hitrous Acid. 

(d) Reaction with Bromine and Chlorine. 

(e) Reaction with Phosphorus Pentachloride. 
if) Alkylation of Amides. 

(2) Acyl Chlorides, Bromides, and Fluorides. 

(a) Hydrolysis. 

(b) Conversion into Esters and Amides. 

(c) Replacement of Chlorine by -Br, -I, -F, -CJST, -NOg Groupings. 

(d) Reaction with Diazomethane. 

(e) Reaction with Zinc Alkyl Halides. 

(/) Acid Fluorides. 

(3) Acid Anhydrides. 

(4) Carboxylic Peracids and Peroxides. 

(5) Esters. 

(a) Hydrolysis. 

(b) Alcoholysis. 

(c) Condensation. 

(d) Reaction with Grignard Reagent. 

(6) Reduction of Carboxylic Acids, their Esters, Amides, and Chlorides. 

(7) Nitriles. 

(a) Hydrolysis. 

(b) Alcoholysis. 

(c) Reduction. 

(d) Formation of Imino -Ethers. 

(e) Reaction with Phenols. (Hoesch Synthesis.) 

(/) Conversion to Aldehydes. 

(g) Reaction with Grignard Reagent. 

(h) Other Reactions. 


(1) Amides, 

(a) Hydrolysis.— SirQ.-^\e amides of the type R-CO-lSIHa are hydro- 
lysed to the corresponding carboxylic acids by heating under reflux 
with an excess .of aqueous alkali hydroxide or aqueous alcoholic 
potash tm the evolution of ammonia has ceased. Hot aqueous 
mineral acids act similarly. 


R-CO'NH^ + HjO — R-CO-OH + NHg 

Although most amides are hydrolysed under these conditions, some 
^e more resistant. Thus 2 : 6-dibromobenzamide is not attacked 
by heatmg at 170° with aqueous sulphuric acid of 80% concentration 
(Sudborough, J., 1895, 67, 602). Many other derivatives of benz- 
amide with substituents in the 2 : G-positions are also comparatively 
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resistant (Claus, Annalen, 1891, 265, 377; Claus and Beysen, ibid,, 
1891, 266, 226: Claus and Beck, ibid., 1893, 269, 212; Jacobsen, 
Ber.y 1889, 22, 1220). Among other amides which are difficult to 
convert into acids by hydrolysis are triphenylacetamide (Heyl and 
V. Mever, Ber., 1895/28, 2782), dibenzylmethylacetamide, and 
dimethylbenzylacetamide (Haller and Bauer, Compt. rend., 1909, 
149, 6). The preparation of acids from such amides is very con- 
venientlv effected by Bouveault’s method described later (p. 251). 
It is noteworthy that diethylmalonamide is markedly more resistant 
towards alkali hydrolysis than malonamide (E. Fischer, Ber., 1902, 

35, 852). 

The substituted amides of the type E*CO*NE'R'' (E' and R" are 
alkyl) resemble the simple amides in the ease of hydrolysis. The 
acyl derivatives of the aromatic amines are, however, more resistant. 
Hydrolysis of these with aqueous alkaline solutions is in general less 
satisfactory than hydrolysis with hot mineral acids. Thus acetanil- 
ide and its homologues are resolved into free carboxylic acid and 
arylamine salt by heating under reflux with 20% aqueous hydro- 
chloric acid or constant-boiling hydrobromic acid or 60% aqueous 
sulphuric acid. With these amides also the retarding effect of 
ar^Au-substituents is observed. Thus 2-acetylamino-m-xylene is 
scarcely attacked by boiling with concentrated hydrochloric acid, 
and this resistance enables it to be isolated in a pure state from a 
mixture of acetylated isomeric amines (compare Morgan and Hickin- 
bottom, J.S.CJ., 1926, 45, 222t; Nolting and Forel, Ber., 1888, 21, 
3150). 

(b) Salt Formation. — ^Although the basicity of the NH 2 group in 
amides is considerably reduced by the presence of an acyl group, 
yet amides are able to combine with halogen halides to form salts. 
Thus a solution of acetamide in ether and alcohol which has been 
saturated with a halogen hydride yields salts of the following type : 
(CH3C0-NH2)2,HC1 ; (CH3-CO-NH2),HBr ; (CH3-CO-NH2)2,HI. 

Addition compounds of propionamide and of formamide with halo- 
gen hydrides have also been described (A. Werner, Ber., 1903, 

36, 153). The acyl derivatives of arylamines behave similarly. 
Many of these yield well- characterised and crystalline salts by 
treatment of the acyl derivative with concentrated acid (compare 
Dadswell and Renner, J 1927, 1104). The acetyl derivative of 
3-methylammo-o-xylene even yields a platinichloride and an 
aurichloride (Menton, Annalen, 1891, 263, 320). 

Although amides can combine additively with acids, the com- 
pounds thus formed are extensively hydrolysed by water, so that in 
dilute aqueous acids the amides exist free, and not as salts. 

The amino-group of amides reacts with alkah metals or sodamide 
to give metal derivatives, presumably of the general type 
R*CO*NH*Na or more probably E*C(ONa)INH. Not only are sodium 
derivative of formamide, acetamide and propionamide known, but 
luistable silver salts have been prepared (Titherley, J., 1897, 71, 
467). Mercury salts of acetamide and its homologues have long been 
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known (Strecker, Anrholen, 1857, 103, 324). A number of salts of 
formamide with, heavy metals have also been described (Rohler, 
Z, Elelctrochem,, 1910, 16, 429). 

The formation of the sodium derivatives of acyl arylamines is 
utilised for the preparation of pure secondary amines (see 268). 

Urea and its alkyl derivatives forms well-defined salts such as 
nitrate and oxalate which serve for characterisation and for separ- 
ation from mixtures. 

(c) Reaction with Nitrous Acid . — ^Amides contaming the grouping 
R-CO-NHg react with nitrous acid to evolve nitrogen and form the 
corresponding acid : 


R-CO-lSTIs + HXO, — > R-CO-OH + Xg + HgO. 


This behaviour is a general one, and is analogous to that of the 
primary aliphatic amines. Its value Kes in the fact that it provides 
an alternative to hydrolysis for the conversion of amides into acids. 
It can be applied when the hydrolytic methods are unsatisfactory 
(Bouveault, Bull. Soc. cMm., 1892, [iii], 9, 368). A general descrip- 
tion of its application for this purpose is given on p. 251 . 

Amides of the type R'NH*CO*R contain an imino -group capable 
of reacting with nitrous acid to furnish a, nitroso-derivative of the 
general formula R'N(NO)*COR. The best-known nitroso- derivatives 
of this class are derived from anilides (R' = aryl) and from alkyl 
ureas (-COR = COXHg) and alkyl urethanes (-COR = '-C02Et). 

Nitrosoanilides are prepared by passing nitrous fumes into a well- 
cooled solution of the anilide in acetic acid. The experimental 
operations are illustrated by the following descriptions. 


Preparatio7i of l!s-Nitrosohenzoyl-o-toluid'ine (I ). — A suspension of finely- 
divided benzoyl-o-toluidine is obtained by quickly cooling a meclianically 
stirred solution of o g. of the benzoyl derivative in 30 c.c. of warm acetic acid. 
The mixture is cooled in ice and then nitrous fumes are passed in till all the 
suspended material has dissolved. The solution has a dark green colour, and 
if after keeping for 5 minutes there is no change in colour, the solution is poured 
on ice. The nitroso-derivative separates as an oil, which soon becomes crystal- 
line. It is collected by filtration, washed with ice-water, and dried on porous 
earthenware.^ It is purified by cautious precipitation from acetone solution 
by the addition of ice -water. It is then obtained as a yellowish crystalline 
compound with a saffron-like odour, m. p. 62—63° (Jacobson and Huber 
Ber., 1908, 41 , 663). 

Hitroso-derivatives from acetanilide, acetnaphthalide, and p-bromoacetanil- 
ide are sii^arly prepared (O. Fischer, Ber., 1876, 9, 463 ; Hantzseh and Wechs- 
ler, Annalen, 1902, 325, 237). 

Preparation of N-NitrosomethyluretJiane (II). — ^Kitrous fumes are passed into 
methylurethane, covered with an equal volume of ether, till the colour of the 
solution IS dirty grey. It is then washed with water, with sodium carbonate 
soli^ion, and theh dried in contact with anhydrous sodium sulphate. The 
product may be purified by distillation under reduced pressure, but this is 
unnecessary if it is to be used for the preparation of diazomethane. ISTitroso- 
methyl^thane is a yellowish-red liquid, b. p. 70°/27 mm. (v. Peehmann 
Ber., 1895, 28 , 856), " 


This compound is' also obtained, altbougli less conveniently, by 
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the action of aqueous nitrous acid. This method can, however, be 
successfully used for the preparation of nitroso-alkyl ureas. 

Preparation of Nitrosomethyl Urea (III).— A solution of methyl urea (44-4 g.) 
and sodium nitrite (43*2 g.) in 400 c.c. of water in a wide-necked bottle is 
cooled in ice-water. ^Vhile the solution is stirred mechanically, diluted 
sulphuric acid (30 g. concentrated sulphuric acid in 150 c.c. of water) is added 
graduallv. There is an evolution of gas and the nitroso -compound separates. 
After 2 hours, the precipitate is collected, washed with water, and dried in 
a vacuum desiccator— -yield 49 g.— pale yellow crystals, m. p. 121° (E. A. 
Werner, J., 1019, 115, 1096). 

The nitroso-derivatives from ethyl, w-butyl, and tisoamyl ureas are 
similarly prepared (compare v. Brurdng, Ber., 1888, 21, 1809). 


yv NO 

/^-CO-Ph 

(I.) 


NO 

9H3 

N-CHg 

N-NO 

90 

(^0 

OEt 

NHa 


(II.) (III.) 


(d) Reaction with Bromine and Chlorine . — ^Acid amides of the type 
R-CO-NH 2 or R-CO*NBR' react with hypochlorous or hypobromous 
acids to ^eld chlor- or brom-amides, the halogen replacing the 
hydrogens of the amino-group. This reaction is also shared by 
s^phonamides (Chattaway, J., 1905, 87, 145). The preparation of 
these substances is illustrated by the following examples. 

Preparation of AcetocMoramide . — ^A solution of acetamide (59 g.) in 100 c.c. 
of water is mixed with 40 g. of zinc oxide and then cooled to — 5° by an 
external hath of ice and salt. A rapid stream of chlorine is passed into the 
cooled solution till it has increased in weight by 71 g. 

Aeetoehloramide crystallises out, and it is collected after cooling the product 
to - 15°. 

The chloramide is purified by crystallisation from boiling light petroleum, 
m. p. 110° — yield may reach 60 — 70 g. (Mauguin, Ann. Chim. Phys., 1911, 
[viii], ^ 305). 

Preparation of Acetohroniamide . — ^A solution of 56 g. of potassium hydroxide 
in 100 c.c. of water is added to a mixture of 59 g. of acetamide and 160 g. of 
bromine, which is cooled by an external hath of ice and salt. 

A precipitate of potassium bromide separates, leaving a pale yellow solution 
of hromacetamide, which sets to a thick paste of crystals on nucleation with 
a fragment of crystalline bromacetamide. After collecting the crystalline 
hromacetamide by filtration, a further amount can be obtained by chilling 
the filtrate to — 15°. It is purified by crystallisation from 10 times its weight 
of boiling chloroform, and is obtained as a mixture of hydrated and anhydrous 
forms (l^uguin, lac. cit., p. 302), 

A variation of this procedure consists in dissolving the amide and the 
bromine in eidoroform before adding the alkali. It has been applied success- 
fully to the preparation of 'tsobut3rrohroinamide, and of some a-alkylvalero- 
bromamides (Pjrman, J., 1913, 103, 857). 

Preparation of BensxhrornartvUie . — ^Benzamide (12 g.) is added to a solution 
of 16 g. of bromine in 160 g. of chloroform, dissolution of the amide being 
achieved by raising the mixture to boiling. It is then cooled to 40° and a 
solution of 5*6 g. of potassium hydroxide in 30 c.c. of water added while the 
mixture is stirr^. 



DERIVATIVES OF CARBOXYLIC ACIDS 223 

Benzobromamide separates out on cooling, and is purified by crystallisation 
from chloroform — ^yield 15 g. (Mauguin, loc. cit*, p. 310). 

Preparation of PheriylacetohroniaTYbide. — 1 Mol. proportion of bromine dis- 
solved in a solution of 4 mol. proportions of potassium hydroxide in 16 parts 
of water is added to 1 mol. proportion of pbenylacetamide. On neutralising 
the solution with acetic acid, the bromamide separates out. It crystallises 
from benzene in needles, m. p. 123 — 125°. 

Preparation of AcetocMoranilide. — ^Acetanilide is suspended in potassium 
bicarbonate solution and the necessary amount of bleaching-powder added. 
The chloramide is extracted with chloroform. It is purified by crystallisation 
from a mixture of chloroform and light petroleum (b. p. 80 — 100°) (Chattaway 
and Orton, J., 1899, 75, 1050; 1901, 79, 279). 

Preparation of Aryl^lphondiehloramides. — The following general method 
is due to Chattaway (J., 1905. 87, 148). 

The sulphonamide is added to an excess of saturated bleaching-powder 
solution, and when the amide has dissolved, the solution is cooled in ice. 
Acetic acid is then slowly added. The dichloramide which separates is taken 
up in chloroform and the solution thus obtained is shaken with freshly acidified 
bleaching-powder solution to ensure the absence of any unchanged sulphon- 
amide. The chloroform solution is dried over fused calcium chloride, and 
then evaporated under reduced pressure. The dichloramides thus obtained 
generally crystallise well from a mixture of light petroleum and chloroform. 

The brom- and chlor-amides readily part with halogen, and 
consequently can be used for halogenation. An interesting example 
of this tendency is found in the behaviour of phenylacylchloramines, 
which are converted into chlorophenylacylamines under the influence 
of acids (Chattaway and Orton, 1899, 75, 1046; 1900, 77, 789; 
797,800; 1901,79,274). 

CeHs-NCl-CO-CHj — > ClCeH^-NH-CO-OHg 

All the chlor- and hrom-amides liberate iodine from acidified 
potassium iodide solution. 

Halogen amides of the general type R'CO'NHHal yield salts 
(Mauguin, loc, cit,, p. 311 ; compare Hantzsch and DoUfus, J5er., 
1902, 85, 249; Hoogewerff and van Dorp, Jiec. trav, chim., 1888, 
6, 373; 1896, 15, 107). The interest attached to these salts lies in 
their decomposition. In presence of an excess of alkali, they form 
primary amines . 

R-CO-NHBr + 3KOH — ^ RNH^ + KBr + KgCOg + H^O 

Hofmann employed this type of reaction (Rer., 1882, 15, 752 ; 
1884, 17, 1406) for the preparation of aliphatic amiaes. It succeeds 
well as far as amylamtne; the yields of the higher amines are 
seriously reduced by the occurrence of side reactions — ^the formation 
of a nitrile being the most serious. The method cannot therefore 
he used in this form for the preparation of aliphatic primary amines 
higher than amylamine. 

The application of the reaction to amides of dibasic acids does not 
appear to have been examined very extensively (compare Weidel 
and Roithner, Monatsh., 1896, 17, 172 ; van Dam, Rec, trav, cUm,, 
1897, 16, 26), although one recorded application is for the prepar- 
ation of tetramethylenediamine from the diamide of adipic acid 
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(F. Baeyer & C-o., D.R.-P. 232,072). Primary aromatic amines have 
been prepared from the corresponding amides by its use, and it is 
the basis of the technical method for the preparation of anthranilic 
acid. 

The formation of primary amines from bromamides is presumably 
due to the initial decomposition of their salts into isocyanic esters 
which subsequently undergo hydrolysis by the excess of aqueous 
alkali. 

E,0 

R-CO'NNaBr— > R-C0N< + NaBr — > RNICIO RNHg + COg 

Mauguin {loc. cit., p. 316) has satisfactorily demonstrated the 
formation of isocyanic esters by the decomposition of the pure alkali 
salts of bromamides. 

The intermediate formation of isocyanate in the Hofmann degrad- 
ation of amides can be made to account also for the formation of acyl 
alkyl ureas which are obtained by the decomposition of the brom- 
amide in presence of unchanged amide (Hofmann, Ber., 1881, 14 , 
2725 ; 1882, 15, 752) ; for the formation of urethanes if the brom- 
amide is treated with alcohohc alkoxide solutions, and for the pro- 
duction of symmetrical ureas which is observed under suitable 
conditions, the reactions involved in the formation of these 
substances from isocyanates are summarised by the following 
equations : 


RNICIO -f 

rn:c:o i- 
2 R-n:c:o + 


NH^-CO-R 

OH-R' 

H,0 


> R-CO-NH-CO-NHR 

> RNH-CO-OR' 

> R-NH-CONHR + CO. 


These apparently simple explanations are not altogether satis- 
factory, for it has been found that the isocyanic ester is not 
sufficiently reactive to account for the products formed (Jeffreys, 
Atmr, Chem, J., 1899, 22, 14 ; Pyman, loc. cit . ; compare Stieglitz 
and Earle, Amer, Chrni. 1903, 30, 412). The following papers 
should also be consulted: Mohr, J. pr. Chem., 1909, [ii], 79, 281; 
80, 1 ; Odenwald, Annalen, 1919, 418 , 316. 

Preparation of n-Heptylamine. — ^Bromine (1 mol. proportion.) is dissolved 
in & solution of 4 mol. proportions of potassium hydroxide in 16 parts of 
water. The resulting solution is added to 1 mol. proportion of the amide 
of caprylie acid. The solution is heated rapidly and then steam distilled. 
Heptylamine, b. p. 155®, is obtained — yield 60—65% of theory (Hoogeweiff 
and van Dorp, Rec. trav. chim., 1888, 6, 373). 

PreparcUion of Anthranilic Acid. — A. solution of sodium hydroxide (20 g.y 
in 100 c.c. of water is stirred mechanically and cooled in a freezing mixture. 
After gradually adding 16 g. of bromine, a paste of phthalimide is introduced 
gradually and the reaction mixture taken from the freezing mixture. When it 
has become clear, 12 g. of powdered caustic soda are stirred in. The temperatxire 
is now gradu^ly raised to 80® and subsequently cooled . It is then neutralised 
with approximately 50 c.c. of concentrated hydrochloric acid, and the an- 
thr^nlic acid is precipitated by the addition of 15 c.c. of glacial acetic acid. 

Alter keeping overnight, the anthranilic acid is collected and washed with 
a small amount of water. It is purified by crystallisation from warm water 
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or from light petroleum (HoogewerS and van Dorp, Rec, trav. chim., 1891, 
10 , 4; compare T. S. Moore, Marraek, and Proud, J., 1921, 119 , 1786), 

Preparation of PentadeGylcarhamic Ester, — solution of 4*6 g. of sodium 
in llo g. of methyl alcohol is added to 25-5 g. of palmitamide in 65 g. of 
methyl alcohol, and to the resulting solution, bromine (16 g.) is added drop 
by drop. The reaction is completed by warming on a water-bath for 10 
minutes. It is then neutralised by the addition of acetic acid and the alcohol 
distilled oS. The residue is freed from sodium salts by washing with water, 
and from unchanged palmitamide by dissolving once or twice in warm light 
petroleum (b. p. 70 — 80°) (JeSreys, Ber.y 1897, 30 , 898; A.mer, CJiem J 1899, 
22 , 14; compare Gutt, Ber., 1907, 40 , 2062). 

Preparation of m-Broinaniline. — A. solution of 10*2 g. of caustic potash and 
10*8 g. of bromine in 100 c.c. of water is poured on 12 g. of m-brombenzamide 
and the mixture added to 14*4 g. of potash in 25 c.c. of water. The temper- 
ature is maintained at 70 — 75° for about f hour, and the amine is then driven 
over in steam. The yield of crude product is 8*9 g. (Beckmann and Correns, 
Ber., 1922, 55 , 850). 

Preparation of Meihylacetyl Urea, — ^An approximately 20% solution of 
potassium hydroxide containing 56 g. of alkali is added to 59 g. of acetamide 
dissolved in 88 g. of bromine. The mixture, which loses its red colour almost 
immediately, is heated in a boiling water-bath. After a few minutes there is 
an eServescence, and the solution becomes yellow. It is important that the 
solution should be kept slightly acid or just neutral at this stage. It must 
on no account be allowed to become alkaline. The solution is then warmed for 
a short time and allowed to cool. The crystallisation of methylacetyl urea 
is complete after keeping for 24 hours. A further amount may be obtained 
by evaporating the filtrate from the first crop of crystals at room temperature 
— ^yield 37 — 44 g. (Odenwald, Annalen, 1918, 416 , 228). 

Preparation of i&oButylisovaleryl Urea, — ^t^oValeramide (5*5 g.) is dissolved 
as far as possible in 1*4 c.c. of bromine. 28 C.c. of a 10% solution of caustic 
potash are then added slowly and with stirring. The mixture is afterwards 
heated for 15 minutes on a water-bath. 

In a short time an oil separates on the surface. It solidifies on cooling and 
is purified by several crystallisations from alcohol, when pure isohrLtyliso- 
valeryl urea, m. p. 100 — 104°, is obtained — ^yield 2*3 g. 

Unchanged tsovaleramide is obtained from the mother-liquor by evapor- 
ation and subsequent extraction of the residue by alcohol (Odenwald, Annalen, 
1919, 418 , 327). 

(e) Reaction with Phosphorus Pentachloride. — ^Wten eqiiimolecular 
proportions of acetanilide and phosphorus pentachloride are mixed, 
hy(h*ogen chloride is evolved and the product is a mixture of phos- 
phorus oxychloride and an imino- chloride (V). 

Ph-NH-CO-CHg + PCI 5 Ph-KH-CCL-CHa Ph-NICCl-CHa 

(IV.) (V.) 

This reaction appears to be a fairly general one for anilides, and pre- 
sumably occurs with the intermediate formation of (IV). With such 
amides as acetamide and benzamide, a similar type of reaction no 
doubt occurs, but the final product does not appear to be simple 
(WaUach, Annalen, 1877, 184 , 5). 

Preparation of Cinnarnphenyliminochloridey Ph-CHICH-CClINPh. — ^Finely- 
powdered cinnamanilide (10 g.) which has been dried over phosphorus 
pentoxide is suspended in 150 c.c. of dry toluene. Powdered phosphorus 
pentachloride (10 g.) is rapidly added, the mixture shaken, and then heated 
on a water-bath. The suspended material dissolves and hydrogen chloride is 
evolved. When the reaction is complete, the solvent and phosphorus oxy- 
chloride are removed by distillation at 50 — 60° imder reduced pressure. The 
Q 
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immo-eh-Ioride remains as a transparent reddish, mass (Sonn and Muller, 
Ber., 1919, 52, 1930). 

BreTKLration of ’O'-Carbeihoxybeixzo'phenylwiinocliloride, 
EtOCO-OCpH^-CClIiTPli 

— ^Powdered dry jj-carbethoxybenzanilide (15 g.) is suspended in 30 c.c. of 
dry toluene. After adding 11 g. of phosphorus pentachloride and thoroughly 
shaking the mixture, it is heated on a -water-bath. A clear, almost colourless 
solution results after about i hour, when the solvent and phosphorus oxy- 
chloride are removed by distillation under reduced pressure. 

The residue of iminochioride is purified by solution in five times its weigi'/* 
of hot petroleum ether (b. p. 30 — 100°). On cooling, it separates from th^s 
solution as colourless aeicular crystals, m. p. 84° (Sonn and Muller, loc. cJl' 
p. 1931). 

(f) Alkylation of Amides . — ^Wiieii the alkali metal derivatives of the 
anilides are treated with alkyl halides, the alkali metal is replaced 
by alkyl with the formation of the acyl derivative of an alkyl- 
aniline. A description of this process of alkylation is given on 
p. 268. When the alkali metal derivatives are replaced by silveV- 
derivatives, the product of alkylation may contain other products. 
Thus the silver salt of form a nili de furnishes a mixture of the formyl 
derivative of an alkylaniline (VI) and a formophenylimino-ether 
(VII) when it is treated with methyl or ethyl iodides. 


C«H.NH-COH ' 


^ CeHsNCAlkj-COH 


^f>CeH5-N:CH(OAlk) 


(VI.) 

(VII.) 


other amides such as acetanilide, benzanilide, and many nuclear- 
substituted benzamides behave similarly (Wheeler and Johnson, 
Amer, Chem. J., 1899, 21, 185; 1900, 23, 136; Lander, J., 1903, 
83, 415 ; Lander and J ewson, ibid., p. 7 66) . 

It appears that the relative proportions of the 0-ether and the W- 
alkyl derivative depend partly on the amide employed, and on the 
experimental conditions such as temperature and duration of the 
reaction. The alkyl halide also has an important effect, methyl 
iodide generally being more effective in bringing about the formation 
of the jV-alkyl derivative. This reaction is further complicated 
by the tendency of the imino -ether to rearrange to the isomeric 
amide under the conditions of the reaction. 

An important application of the alkylation of amides is GabrieFs 
method for the preparation of primary amines. It consists in 
allowing potassium phthalimide to react with a suitable halogen 
compound. The product is a A'-substituted phthalimide ( VTTT ) 
which yields a primary amine (IX) on hydrolysis. 




(IX.) 
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A large variety of halogen compounds have been successfully 
employed in this reaction, such as al%i iodides and bromides, benzyl 
chloride and some of its nuclear-substituted derivatives, allyl brom- 
ide, ethylene dibromide, trimethylene and pentamethylene dihalides, 
some chloroalkyl cyanides such as y-chiorobutyronitrile, chloro- 
and bromo-ketones, chlorhydrins and their esters, a-halogen-substi- 
+uted fatty acids (Gabriel and co-workers, Ber,, 1887, 20, 2224; 
^88, 21, 566, 2669; 1887, 20, 2869; 1889, 23, 1771; 1892, 25, 
nm; 1893,26,2197; 1902, 35, 3805 ; Seitz, 1891, 24, 2624; 
\ohmann, ibid., p. 2631 ; A. Xeumann, ibid.^ 1890, 23, 994). The 
xollowing descriptions illustrate the method. 

Preparation of Is-p-bromoethylpMhalimide (X). — ^Potassium phthalimide 
(150 g.) and ethylene dibromide (180 g.) are heated together under reflux in an 
oil-bath at 150®. TMien no more dibromide refluxes, the contents of the flask 
ire thoroughly mixed and again heated till they are a brownish-yellow syrup. 
About 400—500 c.c. of hot alcohol are now added and the mixture is heated 
under reflux till the insoluble residue is a yellowish powder free from lumps. 
The residue consists of (XI) and potassium bromide. The solution is filtered 
while still hot and the filtrate is distilled to remove the solvent. Crude bromo- 
ethyl phthalimide remains as an oil which solidifies to a crystalline cake. It is 
purified by extraction with 200 c.c. of boiling carbon disulphide. The pure 
compound separates from the filtrate on cooling as needles, m. p. 82 — 83° — 
yield 90 g. 

Hydrolysis ofN-^-Bromoethylphthalimide to ^-BromoethylamineHydrdbromide, 
— Bromoethyl phthalimide (20 g.) is heated in seeded tubes at 180 — 200° 
for 2 hours with 50 — 60 c.c. of hydrobromic acid [d, 1*49). The product is 
diluted with water, and the suspended phthalic acid collected by filtration. 
Evaporation of the filtrate yields a crystalline mass of the hydrobromide 
of jS-bromoethylamlne (jdeld about 15 g.). After crystallisation from 15 — 20 
c.c. of hot ethyl alcohol it is obtained as needle-like crj’-stals. 

Preparation of n-PropylpJithaUmide (XII). — ^Potassium phthalimide is 
heated in a sealed tube with IJ times its weight of n-propyl bronoide for o 
hours at 150 — 160°. The product is a transparent syirap, which is steam 
distilled to remove the excess of bromide. The residue solidifies to a crystalline 
mass which separates from hot alcohol as thick colourless plates, m. p, 66°, 
b. p. 2S2°/756 mm. 

Preparation of Aceionylphthalmiide (XTH). — Potassium phthalimide (100 g.), 
chloracetone (100 c.c.), and dry xylene (100 c.c.) are heated together under 
reflux at 120 — 130° with occasional stirring. After about 1 hour the mixture 
is steam-distilled to remove xjdene and chloracetone. A brownish oil remains, 
which solidifies. It is purified bj^ crystallisation from a large volume of hot 
water, m. p. 124° — ^yield 73 g. 





>N-CH2*C0-CH3 

(Xin.) 


The hydrolysis of the substituted phthalimides is generally accom- 
plished by heating with 20% hydrochloric acid or concentrated 
hydrobromic acid under reflux or in sealed tubes at 180 — 190"^, 
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Potassium phthalimide required for these preparations is best 
prepared by the following method. 

A solution of 7*6 g. of potassimn hydroxide in 30 o.c. of 75% alcohol is added 
to a hot solution of 20 g. of phthalimide in 40 c.c. of absolute alcohol. The 
solution is cooled rapidly, and the precipitate of potassium phthalimide col- 
lected by filtration. The filtrate is used for the preparation of a further 
quantity of potassium phthalimide, by dissolving^ in it 20 g. of phthalimide 
and then adding 7-6 g. of potassium hydroxide in 30 c.c. of 75% alcohol. 
The potassium phthalimide thus prepared is washed with acetone (Hale and 
Britton, J. Amer. Chem. Soc., 1919, 41, 843). 


(2) Acyl Chlorides y Bromides y and Fluorides. 

(a) Hydrolysis. 

The conversion of the acyl chlorides into the corresponding acids 
hy treatment with water is a reaction of general application. 

E-CO-Cl + H^O R-CO-OH + HCl 

Chlorides of aliphatic acids suffer this decomposition by contact with 
cold water and the reaction may be a violent one. The chlorides 
of the aromatic acids are more resistant towards hydrolysis ; they 
are in general only slowly hydrolysed by cold water, more rapidly 
by hot. The most convenient method of converting them into acids 
is to heat with aqueous alkali under reflux till hydrolysis is complete, 
and then acidify. 

Examples of the retarding effect of negative substituents, such 
as — XO 2 or -Br, in the ortho position of aromatic acid chlorides, on 
the xate of hydrolysis have been recorded. Thus 2:4: 6-tribromo- 
benzoyl chloride is volatile in steam, and after boiling with water 
for 30 minutes is hydrolysed only to the extent of 28%. It is only 
slowly h^^drolysed by boiling aqueons alkali. Similar examples of 
the comparative stability of similarly constituted chlorides are given 
by Sudborough (J., 1894, 65, 1030; 1895, 67, 587; V. Meyer, 1894, 
27, 3153). 

(b) Conversion into Esters and Amides. 

These reactions are discussed on pp. 79, 80 and 262, 263. 

(c) Replacement of Chlorine hy Br, -I, -E, -CN, -NOg Groupings. 

The conversion of acid chlorides into bromides and iodides can be 
effected conveniently by Staudinger and 'Anthes’ method {Ber.y 
1913, 4?6, 1417), whereby the acyl chloride is saturated with about 
three times the necessary amount of dry hydrogen bromide or 
iodide. Subsequent distillation yields the corresponding acyl 
bromide or iodide. 

The preparation of acyl iodides from the corresponding chlorides 
has been effected by reaction with calcium iodide. 

The replacement of the chlorine by fluorine may be achieved by 
heating with silver fluoride, but the yields are not very satisfactory 
(Gemez, BuU. Soc. cUm., [iii], 5, 887; Meslans, Ann. CUm. Phys., 
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1894, [vii], 1, 405). A more satisfactory process, at least as far 
as acetyl chloride is concerned, is by the reaction of acetyl chloride 
■with arsenic or antimony trifluorides or zinc fluoride (Meslans, Zoc. 
cit,) : benzoyl chloride yields benzoyl fluoride by reaction with zinc 
fluoride or potassium acid fluoride (Meslans and Girardet, Bull. Soc. 
cMm., 1896, [in], 15, 878; Borodin, Compt. rend., 1863, 55, 555). 
Eor other methods of preparation see p. 230. 

The conversion of acyl chlorides into acyl cyanides has been 
effected by heating the chloride in sealed tubes with silver cyanide, 
followed by fractionation of the product. The jdelds obtained 
are generaUy not very satisfactory (Hiibner, Annalen, 1861, 120, 
334; Claisen and Shadwell, Ber., 1878, 11, 1565; Claisen and 
Moritz, ibid., 1880, 13, 2121; Moritz, J., 1881, 39, 13). A more 
convenient process consists in the interaction of the acyl chloride 
■with anhvdrous hydrosen cvanide and pvridine (Claisen, Ber., 1898, 
31, 1023)'; 

Preparation of p-^Iethoxybertzoyl Cyanide. — Anisoyl chloride (20 g.) and an- 
hydrous hydrogen cyanide (20 g.) are mixed in 200 c.c. dry ether. Anhydrous 
pyridine (20 c.e.) is gradually added, and the solution kept overnight. The 
resulting cyanide is washed with water, drained on a tile, and then crystallised 
several times from light petroleum to remove anisic acid (the acid is the more 
sparingly soluble). It is finally distilled under high vacuum and the distillate 
crystallised from a mixture of benzene and light petroleum, m. p. 63 — 64° 
— yield 7 g. (Mauthner, Ber., 1909, 188). 

Benzoyl chloride can be converted into benzoyl nitrate by reaction 
with silver nitrate. 

Preparation of Benzoyl Nitrate. — ^Benzoyl chloride (35 g.) is mixed with 
finely-powdered silver nitrate (the amount being about 20% in excess of that 
required by theory) in a flask provided with a phosphorus pentoxide drying 
tube. The flask is kept at — 15° and shaken continuously for 2 J hours. 

At the end of this period the contents of the flask are filtered through a 
layer of carefully dried asbestos. Approximately pure benzoyl nitrate is 
obtained as a clear yellow oil which is preferably used directly for nitration 
(see p. 39). 

For the success of this preparation each of the reagents should be dry 
(Francis, J., 1906, 89, 1; Ber., 1906, 39, 3798). 

(d) Reaction of Acid Chlorides with Diazomethane. — ^Diazomethane 
reacts "veith acyl chlorides in ethereal solution to furnish diazo- 
ketones 

R-CO-Cl + CH 2 N 2 R-CO-CHXg + HCl 

This reaction has been applied to acetyl and chloroacetyl chlorides 
and to the chlorides of many aromatic acids (Arndt and Amende, 
Ber., 1928, 61, 1122; Bradley and Robinson, J., 1928, 1310; 
Bradley and Schwarzenbach, {bid., p. 2904; Bradley, Robinson, 
and Schw^K&snbach, ibid., 1930, 797). 

The yield of diazo-ketone appears to be reduced by the action 
of the hydrogen chloride which is liberated in the reaction (compare 
Chbbens and Nierenstein, J., 1915, 107, 1491). The most suitable 
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conditions for its preparation appear to be to allow 2 mol. props, of 
diazomethane to react with the acid chloride. Under these con- 
ditions, the hydrogen chloride attacks the excess of diazomethane 
preferentially. 

Preparation of oi-DiazoacetopJienone . — solution of 2*8 g. of ^^-uitrobenzoyl 
chloride in 20 c.c. of ether is added, over a period of 4 — 5 minutes, to an ethereal 
solution of diazomethane prepared from 6-3 g. of nitrosomethylurethane. 

There is a vigorous evolution of nitrogen accompanied by the separation 
of crystalline diazo -ketone. The product is kept for 12 hours, then filtered 
o3. A further amount of less pure product is obtained by evaporating the 
filtrate in a current of air. The product can be purified by crystallisation from 
ethyl alcohol, m. p. 116 — 117"^ (Bradley and Schwarzenbach, loc, cit.), 

(e) Reaction of Acid Chlorides with Zinc Alkyl Halides , — In the 
action of the zinc alkyl halides on acid chlorides, the reaction is 
generally restricted to the replacement of the halogen of the acyl 
chloride by the alkyl group of the ziuc alkyl hahde. This furnishes 
a method for the preparation of ketones from acyl chlorides. 

R-CO-a + Zn(AJk)Hal R-CO-Alk + ZnClHal 

The interaction is brought about by mixing the acid chloride with 
the zinc alkyl halide dissolved in a suitable indifferent solvent (see 
p. 37o). Although the majority of acyl chlorides react normally to 
furnish ketones, some ap-unsaturated acid chlorides yield esters of 
^cn^.-alcohols as the product of condensation with zinc alkyl halides 
(Blaise, Bull. Soc. chim.y 1911, [iv], 9, i). y-Halogen acid chlorides 
react at to give a mixture of ester of tertiary alcohol and ketone, 
but at — 20'' to — the yields of ketones are good (Wohlgemuth, 
Carnpt. rend.^ 1914, 159, 80). a-Alkoxyacyl chlorides behave 
abnormally, furnishing ethers as well as ketones (Blaise and Picard, 
Ann. CJiim. phys., 1912, [viii], 25, 253). The reaction of acyl 
chlorides with Grignard reagent is referred to on p. 244, 

(d) Acid Fluorides, — The preparation of acyl fluorides from acyl 
chlorides by treatment with metal fluorides has already been 
mentioned on p. 229. A method which is apparently capable of 
considerable application consists in the action of fluorosulphonic 
acid on the free acid or on its salts or distillation of a salt of the acid 
with a salt of fluorosulphonic acid (Traube and Kxahmer, Ber., 1919, 
52, 1296) 

R-COoX + XFSOa — ^ ROOF + X 2 SO 4 (X = H or Metal) 

Acyl fluorides have also been prepared by the action of hydrogen 
fluoride on the acid anhydride. 

(3) Acid Anhydrides. 

Compared with the acid chlorides, the anhydrides are compar- 
atively stable to water. Thus acetic anhydride forms a separate 
layer when it is added to water and is hydrolysed with measurable 
velocity at room temperature to yield acetic acid (Rivett and Sidg- 
wi<^, J., 1910, 97, 1677 ; Boeseken and Verkade, Proc. K. Akad. 
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Wetensch. Am^terdarriy 1914. 16, 718). The homologues of acetic 
anhydride behave similarly. Hydrolysis occurs more rapidly with 
warm water or by heating with aqueous alkali. 

Alcohols yield esters; ammonia and amines yield amides. The 
reactions are represented by the foUowmg equations ; 

(R-CO)^O -4- HO-R' — ^ R‘CO-OR' + R-CO-OH 
(R-CO)oO 4 - XHoR' — >• R-CO-NHR' + R-CO^OH 

The applications of these reactions are discussed on pp. 78, 264, 265. 

A similar tyq>e of reaction occurs with the cyclic anhydrides of 
dibasic acids, such as succinic and phthalic acids. An amido-acid 
(II) or an acid ester (I) results as the primary product. 


CTI.yCO 

CHyCO 


>0 ~ R-OH 


CH^-CO 

CHo-GO 


>0-f R-XH-z — ^ 


CH,-C0oH 

dH^-COoR 

CH.-CO0H 

ch“-co“nhr 


(I.) 

(II.) 


The formation of compounds of type II is frequently employed 
for the characterisation of these anhydrides, the products derived 
by reaction with arylamines being usually crystalline. They are, 
moreover, converted into anils by heating at temperatures above 
the melting point (Anschiitz, Ber., 1887, 20, 3214; 1888, 21, 88; 
Annalen, 1890, 259, 137 ; Auwers, ibid,, 1895, 285, 227). 


(4) Carboxylic Peracids and Peroxides, 

The comparatively stable and inert peroxides of the aromatic 
acids result by the interaction of the corresponding acyl chlorides 
with alkah peroxides or with hydrogen peroxide in presence of 
alkali 

2 Ph-CO-Cl + iSTa^Oa ^ (Pk'COA + NaQ 

Preparation of Benzoyl Peroxide . — solution of 15 — 18 c.c. of 15% aqueous 
sodium hydroxide and 7-5 g. of benzoyl chloride are added alternately — a few 
drops at a time — ^to 25 c.c. of 10% hydrogen peroxide solution cooled by an 
external bath of ice. The mixture is shaken continuously and should be kept 
faintly alkaline. WTien all the reagents have been added, the benzoyl peroxide 
has separated as. a crystalline flocciilent solid free from benzoyl chloride. 
It is collected by filtration under suction, washed with water, and dried on a 
porous plate. 

It may be purified by rapid crystallisation from a small amoxmt of hot 
alcohol, or by precipitation from concentrated chloroform solution by the 
addition of methyl alcohol (v. Pechmann and Vanino, Ber., 1894, 27, 1510). 

Benzoyl peroxide has been prepared in good yield by the action of 
benzoyl chloride on sodium peroxide in water (Gamharjan, Ber,, 
1909, 42, 4008). Other peroxides, such as o-toluyl, fumaryl, and 
succinyl peroxides, have similarly been obtaiued (Vanino and Thiele, 
Ber,, 1896, 29, 1726). 

Benzoyl peroxide is comparatively inert, having no action on 
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permanganate, potassium iodide, or indigo solution. Treatment 
with alcoholic sodium ethoxide, however, converts it into the sodium 
salt of perhenzoic acid (Baeyer and Villiger, Rer., 1900, 33, 1576). 

(Ph-C0)202 + NaOEt — > Ph-CO-O-ONa + EtO-OC-Ph 

Preparaiioii of Perhenzoic Acid. — ^Finely -powdered benzoyl peroxide (121 g.) 
is suspended in 1*5 1. of dry toluene in a 5-1. round-bottomed flask cooled in 
a freezing mixture to below — 5°. An ice-cold solution of sodium ethoxide — 
prepared by dissohung 23 g. of sodium in 500 c.c. of absolute alcohol — is added, 
and the mixture stirred vigorously. When all the ethoxide has been poured 
in, 2 1. of ice-water are added, the stirring being continued till practically all 
the benzoyl peroxide has disappeared. The toluene layer is then separated 
in a cooled separating funnel, and the aqueous solution extracted with ether 
to remove the last traces of ethyl benzoate. 

The sodium salt of perbenzoic acid is present in the aqueous solution, which 
is cooled to 0° and acidified by the cautious addition of an ice-cold solution of 
54 g. of concentrated sulphuric acid in 50 c.c. of water. During the acidific- 
ation the solution should be efficiently stirred and the temperature kept as 
near as possible to 0°. Perbenzoic acid separates as a thick oil which is re- 
moved by three extractions with chloroform, 250 c.c. being used for each 
extraction. The chloroform solution is dried over anhydrous sodium sulphate 
and kept in an ice-chest till required. 

The concentration of the peracid can be determined as follows. 

A known volume of the chloroform solution (0*5 c.c. is a convenient amount) 
is acidified by the addition of several drops of dilute hydrochloric acid, and 
an excess of potassium iodide solution added. The liberated iodine is titrated 
with standard thiosulphate solution (1 c.c. of O-li'/'-thiosulphate = 0*008 g. 
of active oxygen = 0*0069 g. of perbenzoic acid) (Tiffeneau, Organic Syn- 
the^e^, 1928, 8, 30). 

In contrast to the peroxide, perbenzoic acid is comparatively 
active, and liberates iodine from acidified potassium iodide. The 
concentration of the acid in its solution can be determined con- 
veniently by this means, 

Perhenzoic acid is used for the oxidation of ethylenic compounds 
(see p. 13). It is converted into acetylbenzoyl peroxide by treat- 
ment with acetic anhydride (Bae^rer and Villiger, loc. c^^., p. 1581). 
A more convenient method of obtaining this substance is by the aerial 
oxidation of benzaldehyde (see p. 158). 

Peroxides and peracids derived from acetic acid and its immediate 
homologues are less stable than those of the aromatic acids. They 
were apparently first investigated by Brodie (J., 1864, 17, 272), who 
commented on their explosive character. 

Acetyl peroxide has been prepared by the action of ethereal 
acetic anhydride on sodium peroxide (Gambarjan, loc. cit.; Nef, 
Annalen^ 1897, 298, 288), or less conveniently by treating acetyl 
chloride with solid hydrogen peroxide (D’Ans and Friedrich, Z. 
anorg. Chem.^ 1911, 73, 357). In contrast to benzoyl peroxide it 
bleach^ indigo solution and liberates iodine from potassium iodide. 
Water hydroly^s it to peracetic acid. This acid is best obtained 
by the action on acetic anhydride of very concentrated hydrogen 
peroxide containing 1% of sulphuric acid. Distillation of such a 
mixture under reduced pressure and subsequent freezing of the 
distillate yields pure peracetic acid (D’Ans and Frey, Ber,, 1912, 
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45, 1848). It is extremely explosive and a vigorous oxidising agent. 
It attacks cork, rubber, and skin. It oxidises primary aromatic 
amines to nitroso-compounds and azo-compounds to azoxy-com- 
pounds (D’Ans and Kneip, J5er., 1915, 48, 1141), Its application 
for the oxidation of ethylenic compoimds is referred to on p. 14. 

Perpropionic acid and perbutyric acid have been prepared by a 
similar method. Approximately pure performic acid has been 
obtained by reaction of formic acid with concentrated hydrogen 
peroxide conta inin g a trace of sulphuric acid. D’Ans and Prey 
(?oc. cit.) describe a simpler method of preparing peracetic acid 
using boric acetic anhydride. 


(5) Esters. 

(a) Hydrolysis . — The formation of esters has already been 
represented as the result of an equilibrium in the reaction of an 
acid with an alcohol according to the scheme : 

R*OH + HO-CO-R' — ^ R'-CO-OR + H^O 
(R == alkyl. R' = H, alkyl, aryl, or imsaturated radicle.) 

The partial resolution of pure esters into their generators can 
therefore be eJffected by treatment with water. With the majority 
of esters such a process of hydrolysis, if it is to be used for obtaining 
the pure acid or alcohol, is usually unsatisfactory. Some of them, 
however, undergo extensive hydrolysis merely by treatment with 
cold water. This is very marked with methyl and ethyl oxalates, 
with ethyl formate and with esters of a-hydroxy-acids such as 
glycoHic, lactic, etc. (compare Schreiner, Annalen, 1879, 197, 7 ; 
Findlay and Hickmans, J., 1909, 95, 1004; Findlay and W. E. S. 
Turner, ibid.^ 1905, 87, 747). The esters of the lower a-amino-fatty 
acids are quantitatively hydrolysed by boiling with an excess of 
water for several hours under reflux (E. Fischer, Ber., 1901, 34, 445). 
B -Alkyl aminobutyric esters are also h^^drolysed completely by 
heating with water (Morsch, MonatsJi., 1932, 60, 61, 65, 68). 

It is more usual to effect hydrolysis by heating with the aqueous 
or aqueous aleohohc solution of an alkali; less commonly with 
aqueous mineral acid. With the lower alkyl esters of the lower 
fatty acids and other comparatively simple esters hydrolysis takes 
place smoothly by heating under reflux with aqueous solutions of 
sodium or potassium hydroxides. Esters derived from alcohols and 
acids of comparatively high molecular weight and not appreciably 
soluble in water are best hydrolysed by alcoholic potash. The 
procedure is illustrated by the following descriptions. 

Hydrolysis oj Ethyl Acetate . — ^The ester (30 g.) is heated xmder reflux with 
120 c.c. of aqueous 20% sodium hydroxide, till the upper layer of ester has 
dissolved and the odour of the eater has disappeared. The solution is then 
distilled till a thermometer placed in the neck of the flask shows a temperature 
of 98—100°. 
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The distillate is then saturated with potassium carbonate. The alcohol 
separates as the upper layer, which is removed, dried over potassium car- 
bonate, and distilled. 

The alkaline residue from the hydrolysis is evaporated to dryness, after 
neutralisation with dilute sulphuric acid. The <^y solid thus obtained is 
coarsely ground in a mortar and transferred to a distillation flask. It is then 
distilled after adding a moderate excess of concentrated sulphuric acid (about 
18 C.C.). Acetic acid is collected up to 125°, the fraction 115 — 125° being 
collected separately. The first fractions are again distilled, when a further 
quantity of concentrated acetic acid is obtained. 

This process can be employed for the hydrolysis of most esters of com- 
paratively low molecular weight. 

Hydrolysis of the Diethyl Hater of Ethylmalonie Acid . — ^The ester (25 g.) 
is added gradually to a lukewarm solution of 19 g. of potassium hydroxide 
in 17 c.c. of water in a round-bottomed flask. The alkaline solution is stirred 
during the addition of the ester. The mixture soon solidifies to a white solid 
mass consisting essentially of the potassium salt of the mono-ester of ethyl- 
malonic acid. The mixture is then warmed under reflux till the ester is com- 
pletely hydrolysed. The solution is cooled, extracted with ether to remove 
any possible traces of unchanged ester, and then rendered acid to Congo paper 
by the addition of diluted hydrochloric acid (1 : 1). 

The liberated ethylmalonie acid is removed from the acid solution by 
extraction with ether. After drying the ethereal solution with anhydrous 
sodium sulphate, the solvent is evaporated, leaving approximately pure 
ethylmalonie acid- After crystallisation from benzene it melts at 111 — 112°. 

This process can be fairly generally applied for the preparation of alkyl- 
malonic acids from the corresponding diethyl esters. 

Hydrolysis of Palm Oil . — -Melted palm oil (150 g.) is stirred with a solution 
of 12 g. of sodium hydroxide in 100 c.c. of water and the mixture heated on a 
water- bath. After about 1 hour, a further amount of 18 g. of sodium hydr- 
oxide in 100 c.c. of water is added and the heating and stirring are continued 
till a portion gives a clear solution in water. The mixture is then diluted to 
1,000 c.c. with hot water and acidified by the addition of 110 c.c. of concen- 
trated hydrochloric acid. The solution is boiled till the crude acid forms a 
transparent layer on the surface of the liquid. It is then allowed to cool, 
when the layer of crude palmitic acid solidifies . The aqueous layer is separated 
from the solid acid, neutralised exactly with alkali, and used for the isolation 
of glycerol (see later). 

The crude acid is best purified by pressing on porous earthenware or between 
layers of fidter-paper to remove oily impurities, and then crystallising from 
ethyl alcohol — ^m. p. 62°. 

To. order to isolate the glycerol from the aqueous layer, the neutralised 
solution is concentrated on a water-bath to about half its volume and finally 
evaporated to dryness under reduced pressure. The solid residue consists 
essentially of sodium chloride mixed with glycerol. The isolation of the 
glycerol is effected by two or three extractions with hot absolute alcohol or 
ethyl acetate. The combined extracts are then distilled at ordinary pressure 
to remove solvent and then under reduced pressure. Glycerol is collected 
at 190 — 195°/12 mm. (yield about 6 — 8 g.) 

In the hydrolysis of natnxal waxes some difficulty may be 
encountered in the isolation of the sparingly soluble alcohol, if it 
is attempted to remove the alkali salt of the fatty acid by treatment 
with water. The following process, although laborious, avoids this 
difficulty by precipitating the fatty acid as the sparingly soluble 
(^cium salt. 

Hydrolysis of Spermemti. Isolation of Cetyl Alcohol . — Spermaceti (100 g.) 
^ boil^ under reflux for 48 hours with potassium hydroxide (20 g.) dissolved 
in 50 c.c. of alcohol. The product is then poured into an excess of calcium 
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chloride solution. The precipitate is collected, washed with water, and dried 
at 30^ under reduced pressure. Cetyl alcohol is removed from the dried mass 
by extracting several times with ethyl alcohol. Evaporation, of the alcoholic 
extracts leaves crude cetyl alcohol, which is purified by boiling with water and 
subsequent crystallisation from alcohol, m. p. 49 — 50*^. 

Many esters of dibasic acids can be hydrolysed to furnish the 
mono-ester. Thus the diethyl ester of malonic acid yields the 
potassium salt of the monoethyl ester by treatment with the 
calculated amount of a cold alcohohc solution of potassium 
hydroxide. 

pOoEt 

pHa + KOH + Eton 

:;OoEt co'Et 

Preparation of Monoeihyl Ester of ivlalonic Acid. — A solution of 8-7 g. 
of potassium hydroxide in 100 e.e. of absolute alcohol is added gradually 
to a well-stirred solution of 25 g. of diethylmalonate in 100 c.c. of absolute 
alcohol. The mixture is kept at room temperature till its alkaline reaction 
has disappeared. It is then heated to boiling and filtered hot. Neutral 
potassium malonate remains on the filter ; the filtrate contains the potassium 
salt of the monoethyl ester of malonic acid, which crystallises out in large 
fiat needles as the filtrate cools. The yield is approximately 70 — 30% of 
the weight of ester used. 

The free ester acid is obtained by adding concentrated hydrochloric acid 
to an ice-cold solution of the potassium salt, and subsequently extracting 
with ether. It is a liquid, b. p. 147®/21 mm. (Freund, Ber., 1884, 17, 780). 

If this process is applied to the preparation of the mono-esters of 
the alkyl-substituted malonic acids, it must be modified by con- 
centrating the alcohohc filtrate from the hydrolysis under reduced 
pressure. Otherwise there is no satisfactory separation of the 
potassium salt of the ester acid owing to its ready solubility in 
alcohol (Marguery, Bull. Soc. chim., 1905, [iii], 33, 543). 

Alkaline hydrolysis may also he used for the estimation of the 
amount of an ester in a mixture with mdifferent products, or for the 
determination of the purity of an ester. The general conditions are 
to hydrolyse a known weight of the ester — ^usually 1 — 2 g. — ^by 
heating under reflux with a known volume of accurately standard- 
ised alcoholic potash (approximately 1-0 — 0-5iV). After the hydro- 
lysis, the excess of alkali is determined by titration with standard 
acid, using phenolphthalein as indicator. 

A similar process is used for determining the saponification 
value ” of a fat. This value is defined as the number of mg. of 
potassium hydroxide required to completely hydrolyse 1 g. of fat. 
The alcoholic potash required for these determinations is prepared 
by dissolving 20 g. of potassium hydroxide m an equal volume of 
water and dilutiag the solution to 500 c.c. with alcohol. The 
alcohol required for this purpose must he purified by keeping in 
contact with powdered potash for several days and then distil" 
immediately before use. 
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(b) Alcoholysis. — ^Hydrolysis of an ester signifies the replacement 
of the alcohol residne'by hydroxyl ; alcoholysis is the exchange of 
the alcohol residue for another. It is represented by the scheme 

R-CO-OR' -f R"-OH — R-CO-OR" + R'-OH 

This exchange may be achieved by heating the ester with an 
excess of a suitable alcohol in sealed tubes at a comparatively high 
temperature (Friedel and Crafts, Annalen, 1864, 130, 198 ; 1865, 
133, 207 : Grun, Ber., 1921, 54, 294). A more convenient method 
consists in the action of a small amount of sodium alkoxide dissolved 
in the appropriate alcohol on the ester. An equilibrium is attained. 
This reaction was first systematically examined by Purdie and his 
co-workers (J., 1888, 53,“ 391; 1885, 47, 855; 1887, 51, 627; Ber., 
1887, 20, 1554), although some isolated observations in the same 
direction had previously been made (Bouis, /. Chem., 1857, [i], 
72, 308; Claisen, Ber., 1887, 20, 646). Alcoholysis succeeds with 
esters of saturated fatty acids, aromatic acids, and unsaturated 
acids. It is effected by shaking at room temperature, a solution of 
the ester in about ten times its weight of a suitable primary alcohol 
containing a small amount of dissolved sodium or potassium. For 
the successful replacement of alcohol residues by sec.- and tert.- 
alcohols the reaction mixture must be heated (M. Reimer and 
Downes, J. Amer. Chem, Soc.y 1921, 43, 945; Pfannl, Monatsh., 
1910, 31, 301 ; 1911, 32, 513 ; Sudborough and Karve, J. Ind. Inst. 
Sci.i 1919, 3, 1 ; Dasannacharya and Sudborough, ibid., 1921, 4, 
181 ; Kolhatkar, J., 1915, 107, 921 ; Shimomura and Cohen, ibid., 
1922, 121, 884, 2051). 

Alcoholysis of Glycol Diacetate ; Formation of Glycol and Ethyl Acetate . — 
Grlycol diacetate (7*3 g.) is added to absolute alcohol (50 c.c.) in which 0*1 
g. of sodium has been dissolved. The odour of ethyl acetate is observed 
almost i mme diately. The reaction is completed by heating under reflux for 
6 hours on a steam-bath, when the reaction mixture is fractionally distilled. 
Pure glycol is collected at 190 — 200° — ^yield 75 — 85% of theory (Bainbridge, 
J., 1914, 105, 2297) 

Trimethylene glycol is obtained similarly in 30% yield from the corre- 
sponding acetate. Propylene glycol diaeetate and ay- and j3y-butane di- 
acetates, however, do not yield the corresponding glycols by use of such dilute 
solutions of ethoxide ; a higher concentration of sodium ethoxide is necessary. 

Preparation of Mannitol from Mannitol Hexa-acetate hy Alcoholysis . — 
Mannitol hexa-aeetate (8 g.) is heated with 20 e.c. of methyl alcohol on a water- 
Imth and then 2 c.c. of 0*lA^-solution of sodium methoxide are added. After 
a few minutes mannitol commences to separate. The mixtme is evaporated 
to dryness under reduced pressure, the residue dissolved in 5 c.c. of water, and 
25 c.c. of warm absolute alcohol are added. Mannitol separates on cooling, 
m. p. 165° — ^yield 2*7 g. (Zemplen and Pacsu, Ber., 1929, 62, 1613). 

A similar process has been applied for the preparation of sucrose from its 
octa-a^tate and for obtaining glucosides from their acetates. 

Excka^e between glycols, glycerol, and monobydric alcohols has 
been effected also by the catalytic affect of small amounts of 
potas^um carbonate (E. Fischer, Ber., 1920, 53, 1634). 

(c) Formation of Amides. — ^The replacement of the alkoxy-group 
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of esters by amino-groups by reaction of the esters with ammonia 
or amines is discussed on p. 199. 

(d) Condensation of Esters , — ^The esters of carboxylic acids 
condense, under the mfluence of appropriate reagents, with a -CHg- 
group, which is activated by an adjacent >CO group or -ON group 
or by two adjacent double bonds. Substances generally capable 
of condensing with esters are ketones and carboxylic esters. This 
t 3 rpe of condensation is very important, since it affords a general 
method of preparing l^-ketonic esters and 1 : 3-diketones according 
to schemes I and 11. 

R-CO-OEt -T- R'-CHg-CO-OEt - R-CO-CHR'-CO-OEt + EtOH 

(Id 

R-CO*OEt ^ CHg-CO-R' - R-CO-CHa-CO-R' + EtOH 

(II.) 

The production of ethyl acetoacetate from ethyl acetate is the 
best-known condensation of type (I). Metallic sodium or sodium 
ethoxide are the most important condensing agents; sodamide 
has also been used. 

Preparation of Ethyl Acetoacetate , — Sodium wire (100 g.) is covered by 1 
kg. of pure dry ethyl acetate. The reaction commences only after keeping 
at room temperature for some minutes. It then becomes vigorous, and no 
attempt should be made to cheek it. It is completed by heating in an oil- 
bath till all the metal has dissolved. A 50% solution of acetic acid (555 g.) 
is poured into the reaction mixture while it is still fluid, and after cooling it is 
diluted with 500 c.e. of water. After a thorough mixing, the upper layer is 
separated, washed with a little water, and then freed from the greater part of 
the unchanged ester by distillation on a water-bath. The residue is fraction ally 
distilled under reduced pressure. The yield of ester, b. p. 74°/lo mm., is 
about 175 g. (J. Wislicenus, Annalen, 1877, 186, 210; compare Snell and 
McElvain, J. Anier. Chem. Soc,, 1931, 53, 750). 

The esters of the immediate homologues of acetic acid also undergo 
a similar condensation in presence of sodium or sodium ethoxide, if 
^ “CHg is adjacent to the carboxalkoxy-group. Thus ethyl prop- 
ionate yields propionylpropionic ester^ C 2 H 5 ‘GO-CH(Et)*CO*OEt ; 
72.-butyric and isovaleric esters and the higher homologues behave 
similarly (Hantzsch and Wohlbrlick, Ber,, 1887, 20, 1320; Wohl- 
briick, ibid., p. 2332 ; McElvain, J. Amer. CUm. Soc., 1929, 51, 3124 ; 
Briese and McElvain, J. Arner. Chem. Soo., 1933, 55, 1697). The 
yields of P-ketonic esters from these esters are lower than those from 
ethyl acetate. According to Dieckmann (Ber., 1900, 33, 2760) this 
is probably due to the a-alkyl-substituted P-ketonic ester reverting 
to its generators under the influence of sodium ethoxide. Methox^^ 
acetic ester, however, condenses smoothly to give ay-dimethoxy- 
acetoacetic ester under the influence of sodium ethoxide (Pratt 
and Robinson, J., 1925, 127, 168). Briese and McElvain {loc. cit.) 
claim that esters of propionic acid and its higher homologues furnish 
good ;^elds of the corresponding a-alkyl P-keto-esters if the con- 
densation is effected by sodium ethoxide under reduced pressure. 
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Diethylsuccinate suffers condensation in presence of sodium to 
fumisli a diketonic ester — succinyl succinic ester (XIV) — ^by a 
process ^alogous in type to the acetoacetic ester condensation (Herr- 
mann, Annalen, 1882, 211, 306). The esters of those homologues 
of succinic acid containing 6 , 7, or 8 atoms of carbon imdergo internal 
condensation to furnish cyclic keto-esters. Thus adipic ester (XV) 
yields (XVI). Pimelic and suberic esters (XVH) and (XIHII) 
behaTe similarly 


pCHg-CO^Et 

"CH/CO^Et 


9Ha— CO-CpH-COaEt 


EtO,C-CH — CO— CH, 


(XIV.) 


9 H 2 -C 02 


CHj-COjEt 


(jlOaEt 


H 29 CO 
H,C CH, 


9 H 2 -C 02 


CHg-CO^Et 


(xvn.) 


CH-CO-Et 


H^O no 

HaC CHa 


HjC — pH-CO„Et 
H 29 $0 

H„C CH, 


(XIX.) 


9 H2*C02Et 

(xvin.) ((^ 2)1 

CHg-COgEt 


Tlie esters of glutaric, sebacic, and azelaic acids do not yield any 
appreciable quantity of keto-esters by condensation (Dieckmann, 
Annalen, 1901, 317, 27 ; Ber,, 1894, 27, 102). 


Preparaiion of Ethyl Ester of ^-Ketocyolopentane Carboxylic Acid (XVI). — 
After adding successively to 20 g. of ethyl adipate a few drops of alcohol and 
4-6 g. of sodinra wire, the temperature of the mixture is gradually raised by 
heating in an oil-bath. At about 100 — 110° a \dgorous reaction sets in, and 
the whole soon becomes converted into a yellowish solid mass. After heating 
at 120 — 140° for about J hour, the mass is cooled and disintegrated. It is 
then covered by ether and acidified by the cautious addition of dilute sulphuric 
acid. The ethereal layer is separated, washed with dilute sodium carbonate 
solution, and dried over anhydrous sodium sulphate. Evaporation of the 
solvent leaves the crude keto-ester. It is purified by distillation under 
reduced pressure, b. p. 103 — 104°— yield 60% of theory (Dieckmann, AnnaUn, 
1901, 317, 51). ' ^ ^ 

Condensation may be effected between two different esters td 
yield p-ketonic esters by the action of sodium or sodium alkoxidesi 
It is obvious that for practical purposes one of the components must 
react rapi(Uy and preferably be incapable of self-condensationJ 
Tkus formic and oxalic esters and, to a less extent, benzoic esters 
are us^ for this pu^ose. Oxalic ester condenses with ethyl acetate 
in pr^ence of sodium to furnish oxalacetic ester (XXI) (W. Wis- 
lic^mis, Ber^, 1886, 19, 3225) ; with propionic ester to yield a-methyl- 
oxaiacetic ester (XXII) (Arnold, Annalen, 1888, 246, 329) and with 
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liienylacetic ester to fumisli a-phenyloxalacetic ester (XXIII) 
. Wislicenus, Rer., 1887, 20, 590). 


Et0.>C-C0-CH.->-C02Et Et02C-C0-CH(Me)-C02Et 

(XXI.) (xxn.) 

Et02C*C0-CH(Ph)-C02Et 

(xxni.) 


jxaHc ester can also be made to condense with 2 molecules of a 
suitable ester ; with acetic ester i'^an yield ketipinic ^ster (XXIV) 
(Wislicenus, Rer., 1887, 20, 590) r" with 'glutaric ester it 'furnishes 
bhe cyclic diketo ester (XXV) (Dieckmann, Rer., 1897, 30, 1470). 
Formic ester similarly reacts with phenylacetic ester yielding 
“jpraiylphenylacetic ester (XXVI) (Wislicenus, Rer., 1887, 20, 2930), 


:0-CHo‘C0oEt 

JO-CHo-COoEt 


(XXIV.) 




COgEt 

yds.— GO 

nX I 

CO 

COaEt 

(XXV.) 


^ 0HC-CH(Ph)*CO2Et 
or 

HO*CH:C(Ph)-C02Et 

(XXVI.) 


Preparation of OxaZacetio Ester , — One atomic proportion of sodium wire 
is added to ethyl oxalate diluted with four times its volume of dry ether, 
and then rather more than the calculated amount of dry ethyl acetate is 
added gradually. The metal gradually dissolves with the evolution of hydro- 
gen, and the reaction mixture, after several hours, is converted into a yellow- 
ish crystalline paste of the sodium salt -of oxalacetic ester, i^ter keeping for 
several hours the precipitate is collected by filtration and washed with ether. 
Oxalacetic ester is isolated from the pure sodium salt thus obtained, by covering 
it with water and cautiously acidifying with dilute hydrochloric acid. The 
ester is taken up in ether, and after washing the ethereal solution and drying, 
it is fractionally distilled under reduced pressure, b. p. 131 — 132°/24 mm. 
(Wislicenus, Annolen, 188S, 246, 315). 

. Preparation of Formylphenylacetio Ester {XXVI). — ^Equimolecular propor- 
ions of ethyl fom^te and of ethyl phenylacetate are added to a suspension 
of freshly-prepared dry sodium ethoxide in three times its weight of dry 
ether. The mixture is kept for several da ys in a closed flask and then ice- 
water added. After shaking, the aqueous layer is separated and acidified 
with dilute hydrochloric acid. The oil which separates is taken up in ether, 
the ethereal solution washed with dilute sodium carbonate solution, dried, and 
the solvent evaporated. The residue is a mixture of keto- and enol forms. 
The solid keto-^form is collected by filtration, while distillation of the filtrate 
under reduced pressure yields the pure enol form, b. p. 144 — 145° /16 mm. 
The pure keto-form melts at 69 — 71° (W. Wislicenus, Ber., 1887, 20, 2930). 

The esters of carboxylic acids can condense with ketones of the 
general form R'CO-GHa to yield 1 : 3-diketones. The condensation 
is effected either by sodium or by sodium ethoxide suspended in 
ether; less rarely by sodamide. The reaction was developed by 
Claisen. More recently it has been employed extensively by Morgan 
and his co-workers for the preparation of a large number of 
1 : 3-diketones. The condensation is illustrated by the following 
descriptions. 



240 


REACTIONS OF ORGANIC COMPOUNDS 


Preparation oj AcUyl Acetone (method 1). — ^Pure dry ethyl acetate (900 c.c.) 
is added to 100 g. of sodium wire covered by a layer of ether in a 4 — 5-1. 
flask. The flask is cooled in a freezing mixture during the addition of the ester. 
Dry acetone (314 g.) is now added gradually, care being taken not to add a 
further quantity of acetone till the reaction due to the previous quantity has 
moderated. W^en all the acetone has been added, the reaction mixture is 
kept at 0° for several hours, and then at room temperature for 12 hours. The 
sodium salt which has separated during this period is dissolved by the addition 
of 1500 c.c. of ice-water. The aqueous layer is separated, and acidified by 
adding dilute acetic acid. The addition of copper acetate * solution now 
precipitates the copper salt of acetyl acetone, which, after keeping for some 
time, is filtered under suction. 

Treatment of the copper salt with acid yields the free diketone. This is 
brought about as follows. The moist copper salt is suspended in ether and 
diluted siilphurie acid (20% concentration) added. The mixture is shaken 
till the solid has dissolved- The ethereal layer is then separated, dried over 
calcium chloride, and after distilling ofl the ether through a column, the residue 
of diketone is fractionated. Crude acetyl acetone is collected at 125-. — 140° — 
yield 160 — 170 g. The pure diketone boils at 139° /746 mm. (Claisen, Annalen, 
1893, 277, 168). 

(Method 2.) — ^Finely -powdered sodamide (34 g.) is added gradually to a 
mixture of 120 c.c. of ethyl acetate and 32 c.c. of acetone cooled in a freezing 
mixture. A strong evolution of ammonia commences immediately, and the 
mixture is kept at 0° for several hours and then at room temperature for 
12 hours. The reaction product is treated with ice -water as described in the 
preceding preparation. The subsequent operations are the same (Claisen, 
Bar., 1905, 38 , 694). 

Preparation of Propionyl Acetone, — ^Methyl ethyl ketone (42 c.c.) is added 
slowly and with vigorous shaking to a mixture of 11 g. of sodium wire and 
190 e.e. of ethyl acetate cooled to 0°. After 12 hours, the mixture is heated 
on a water-bath for IJ hours, then cooled and poured on crushed ice. The 
ethereal layer is separated and washed twice with water. The combined 
aqueous layers are neutralised with dilute acetic acid and treated with the 
necessary amount of A’/8-euprie acetate solution. The precipitate of pale 
blue copper propionyl acetone is dried at 80°, after washing with water. Yield 
49% of theory, m. p. 197 — 198°. 

Propionyl acetone is obtained by decomposing the copper salt with dilute 
sulphuric acid in presence of ether. Fractional distillation of the ethereal 
solution, after the usual operations of washing and drying, yields pure propionyl 
acetone, b. p. 158° (Morgan and Keeves, J,, 1923, 123, 447). 

A somewhat similar procedure has been employed for the prepar- 
ation of other p-diketones by the condensation of ketones of the type 
CB^*CO'R (where R = propyl, butyl, amyl, nonyl, nndecyl) with 
enters of fatty acids such as acetic, propionic, butyric, and phenyl 
acetic (Morgan and Drew, and AckermanUj J., 1924, 125, 740; 
Morgan and Thomason, ibid., p, 7o6; Morgan and Holmes, ibid,, 
p. 760; Morgan and Porter, ibid., p. 1271; Morgan and Taylor, 
ibid., 1925, 1^, 2620 ; Morgan and E. Jones, ibid., p. 2619 ; Claisen 
and Ehrhardt, Ber., 1889, 22, 1009). 

The application of this condensation between esters and ketones of 
the general type R*CH 2 *CO*CH. 2 -R with the object of preparing 
diketones of the type R*CO*CHR-GO*R' does not proceed smoothly. 
Moi^an, Drew, and Porter {Ber., 1925, 58, 336) have found that, 

* Copper acetate solution is prepared by wanning 500 g. of copper acetate 
^ ^ water for some hours, and filtering from undissolved basic 

salt. While still warm it is added to the acidified product of the condensation. 
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in general a small yield of the substituted diketone is obtained if the 
reaction is brought about at 0"^. If the reaction mixture is heated, 
little or none of the required substance is obtained. These results 
are quite analogous to the behaviour of esters of homologues of 
acetic acid in the acetoaeetic ester condensation. It is not unlikely 
that the grouping -CO*CHR‘CO- is less stable to alcoholic ethoxide 
than the grouping '-CO-CH 2 -CO-. 

Preparation of Phenyl Acetyl Acetophenone. — Sodium wire (23 g.) is added 
to a well-cooled solution of 250 g. of phenylaeetic ester and 120 g. aceto- 
phenone in 500 c.c. of dry ether. The mixture is kept at 0® for some time 
and then at room temperature. The reaction is completed by raising the 
temperature gradually and by finally heating under reflux on a water-bath 
till all the sodium has reacted. After cooling, the mixture is rendered slightly 
acid with acetic acid and then shaken with a saturated solution of copper 
acetate. The copper salt which separates is collected and decomposed with 
dilute sulphuric acid in presence of ether. The pure diketone is obtained in 
approximately 50<^o yield — ^m. p. 5i — 56" (Bizlow and Grotowsky, Ber., 1901, 
34, 1479). 

Preparation of Benzoyl Acetone (method 1). — ^Acetophenone (1 mol. prop.) 
is added to a mixture of dry ethyl acetate (1 mol. prop.) and dry sodium 
ethoxide (1 mol. prop.) cooled by an external bath of ice. The mixture at 
first liquefies and later sets to a roicroerystaliine paste of light yellow needles 
of the sodium salt of benzoyl acetone. The salt is collected by filtration and 
subsequently acidified with dilute acetic acid. Pure benzoyl acetone melts 
at 60—61^ (Claisen, Ber., 1887, 20, 2180). 

(Method 2.) — Finely-divided sodamide (16 g.) is added gradually to a sol- 
ution of 24 g. of acetophenone and 19 g, of ethyl acetate in 150 c.c. of ether 
cooled by an external bath of ice. After keeping for about 1 hour the whole 
has been converted into a thick paste of the sodium salt of benzoyl acetone. 
After keeping for 24 hours, the salt is dissolved by the addition of water and 
the ether layer separated. Ether dissolved in the aqueous solution is removed 
by a stream of air. Benzoyl acetone is precipitated from the aqueous solution 
by acidifying with acetic acid— yield 25 g. (Claisen, Ber., 1905, 38, 

Oxalic ester condenses vnth ketones of the type CHg-GO-R in a 
manner analogous to the esters of the fatty acids, giving diketo- 
esters of the type R-CO-CH^-CO-CO-OEt (Claisen and Stylos, Ber., 
1888, 21, 1141; 1887, 20, 2l88; Bromme and Claisen, Ber., 1888, 
21, 1131). 

Preparation of OxaLacetone. — A mix ture of equiinolecular proportions of 
acetone (58 g.) and diethyl oxalate (146 g.) is added to a well-cooled alcoholic 
solution of sodium ethoxide prepared by dissohdng 23 g. of sodium in 550 c.c. 
of absolute alcohol. The sodium salt of oxalacetone commences soon to 
^parate, and after keeping the reaction mixture for 24 hours the sodium salt 
is collected by filtration . The free keto-ester is obtained by stirring the sodium 
salt with ice-water and then acidifying with a slight excess of dilute sulphuric 
acid. The free ester is taken up in ether. Evaporation of the dried ethereal 
solution followed by distillation under reduced pressure gives pure oxalacetone, 
b. p. 113 — 116®/19 mm. — ^yield 100 g. (Claisen and Stylos, Ber., 1887, 20, 2188). 

Condensation of formic esters with ketones leads to formyl deriv- 
ative of the type R-CO-CHg-CHO or R-CO-CHICH-OH. The keto- 
form is a p-ketoaldehyde. The majority of formyl derivatives exist 
largely as enols. Like the formyl derivatives of esters, they tend to 
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polymerise (Glaisen and L. Fischer, JBer,, 1887, 20, 2191 ; Claisen and 
Meyerowitz, ibid., 1889, 23, 3273). 

Freparatio 7 z of Pheiiyl p-Hydroxyviyiyl Ketone, (Ph-CO-CHICH-OH). — K 
mixture of acetophenone (60 g.) and ethyl formate (40 g.) is added slowly to 
a suspension of dry sodium ethosdde (35 g.) in 100 g. of ether, cooled by an 
external bath of ice. The sodium salt of the hydroxy-ketone soon commences 
to separate (yield 90% of the weight of acetophenone). It is collected by 
filtration, dissolved in ice -water, rendered faintly acid by the addition of 
acetic acid, and then a slight excess of a solution of cupric acetate added. 
The copper salt of the hydroxy-ketone is obtained as an olive-green precipitate. 
The free hydroxy -ketone may be obtained from the salt by treatment with 
dilute sulphuric acid in presence of ether (Biilow and v. Sicherer, Ber., 1901, 
34, 3891). 

Preparation of p-Anisyl ^-Hydroxy vinyl Ketone. — solution of p-acetyl- 
anisole (10 g.) in 7*4 g. of ethyl formate is introduced in small portions at a 
time, and with constant stirring, to a suspension of sodium ethoxide in ether.* 
The reaction mixture is cooled in a bath of ice and is kept overnight in an ice- 
chest. It is then treated with ice and water, more ether added, and just 
sufficient acetic acid to give an acid reaction. The ethereal layer is separated 
and shaken with an excess of a saturated solution of copper acetate. A pale 
green copper salt is precipitated. It is collected by filtration, washed with 
ether and water, and then dried. The copper salt separates firom chloroform 
in flat green prisms, m. p. 206 — 207°. 

An ethereal solution of the free hydroxyvinyl ketone may be obtained 
by shaking a suspension of the copper salt in ether with dilute sulphuric acid 
and ice-water (Pratt, Robinson, and Williams, J., 1924, 125, 202). 

The methylene group situated between two doubly-linked carbon 
atoms, as in c«/cZopeiitadiene, indene, and fluorene, is sufficiently 
reactive to condense with ethyl oxalate under the influence of alk- 
oxides. Thus fluorene yields (XXVII) (Thiele, Ber., 1900, 33, 666, 
851; W. Wislicenus, p. 771 ; compare W. Wislicenus, 

1924, 436, 1). 

90-C02Et 

CH 


(XXVII.) 



Although ethyl acetate undergoes condensation smoothly in the 
presence of sodium to yield ethyl acetoacetate, the reaction takes 
another course if it is effected by 2 atomic proportions of sodium 
aeting on 1 molecular proportion of the ester dissolved in dry ether 
or bepene. The product is acetoin, CH3'C0*CH(0H)-CH3. The 
yield is better with homologues of acetic acid. The reaction has been 
examined for esters of propionic, butyric, caproic, and pivalic acids 
(Bouveault and Locquin, B'lM. Soc. chim., 1906, [iii], 35, 629). 

f The stzspensiozi of sodium ethoxide required for this preparation is ob- 
tained by granulatmg 1*6 g. of sodium under toluene, pouring away the toluene, 
and wailing the sodium with a little dry ether. A solution of 3*2 g. of ethyl 
alcohol in 50 c.c. of dry ether is added. When the formation of ethoxide is 
complete, the reactants are added. 
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(d) Reaction with the Grignard Reagent . — ^The carbethoxy-group of 
estWs reacts vrith the Grignard reagent to furnish tertiary alcohols 
according: to the scheme 

HjO 

R-CO^Et ~ 2RMgBr — ^ EtOTlgBr + RsCQMgBr >- R 3 C-OH 

Aithoug:h a ketone is an intermediate product in this reaction, the 
method does not appear to be of any practical value for the 
preparation of ketones, owing to the difficulty of stopping it at 
this stage. On the other hand, it has received considerable applic- 
ation for the preparation of tertiary alcohols. The general 
conditions are illustrated by the following descriptions. 

Preparation of Dinietliylethyl Carbmol. — ^Ethyl propionate (31 g.) diluted 
with its own volume of ether is added gradually to an ethereal solution of methyl 
magnesium iodide prepared from 84 g. of methyl iodide (see p. 374). The 
reaction mixture is cooled and stirred during the addition of the ester, and is 
contained in a round-bottomed flask fitted with a reflux condenser provided 
with a <ruard tube containing calcium chloride. After keeping overnight, 
crushed ice and dilute sulphuric acid are added to the product. The ethereal 
solution is separated and the aqueous layer extracted twice with ether. The 
combined ethereal solutions are washed with dilute sodium carbonate solution 
and water and then dried in contact with potassium carbonate. Fractional 
distillation of the solution furnishes dimethylethyl carbinoi, b. p. 100 — 102°. 

Preparation of Tri-phenyl Carhinol . — ^Dry ethyl benzoate (20 g.) diluted 
with its own volume of ether is added gradually to a cooled ethereal solution 
of phenyl magnesium bromide from 57 g. of bromobenzene. When all the 
ester has been added, the mixture is gently warmed under reflux for 1 hour 
with frequent shaking. ’ The product is then treated with a saturated aqueous 
solution of ammonium chloride and crushed ice, and then steam distilled. 
Triphenyl carbinoi remains as a solid in the distillation flask. It is collected 
by filtration, washed with water, and crystallised from hot alcohol, m. p. 
162°— yield 25—30 g. 

It must be noted that when the tertiary alcohol formed in this 
reaction tends to eliminate the elements of water the product may be 
an olefin (compare Stadnikoff, J. Russ. Phys. Ckem. Soc., 1915, 47, 
2115). 

The reaction of the Grignard reagent with esters of formic acid 
follows the same course as that indicated above, but owing to the 
structure of formic esters, the product is a secondary alcohol. 

H-CO^Et + 2RMgI — ^ R^CH-OMgl + EtOMgl R^CH-OH 

The esters of succinic acid and its homologues and of oxalic acid 
and iso- and fere-phthalic acids react normally with Grignard 
reagents to furnish as the principal product a ditertiary glycol. 
However, by modifying the experimental conditions, using mag- 
nesium, alkyl iodide, and the ester in ethereal solution, only one 
carbalkoxy-group may be attacked with the formation of the ester 
of a hydroxy-acid (Hepworth, J., 1919, 115, 1203). The reaction of 
esters of malonic and phthalic acids in general gives rise to abnormal 
products. 

The course of the reaction of a^-unsaturated esters with Grignard 
reagents appears to depend to some extent, on the nature of the 
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reactants. The main products to be expected are (a) an unsaturated 
tertiary alcohol or unsaturated ketone by a normal reaction with the 
carbalkoxy group (equation a); (&) a saturated ketone or tertiary 
alcohol due to the initial addition of the Grignard reagent to the 
double bond (Kohler, A7ner. Ohe^n. J., 1905, 34, 132; Kohler and 
Heritage, ibid,, 1905, 33, 21, 153). 

r-ch:ch-co-r' — ^ 

^ RCH:CH'C(0H)R'2 (a) 

R-CH:CH-COoEt -f R'Mgl < 

X 

RRDH-CH:C(OMgI)OEt — >■ 

RR'CH*CH2*C(0H)R'o. ^ — RR'CH-CH^-CO^Et {b) 

The reaction of Grignard reagents with other carboxylic deriv- 
atives is of less importance. Thus with acyl chlorides the reaction 
proceeds through the intermediate formation of a ketone with the 
formation of a tertiary alcohol as the final product. It has been 
possible in some instances to stop the reaction at the ketone stage 
(Acree, Rer,, 1904, 37, 628; Oddo, ibid., 1910, 43, 1012), but in 
general this type of reaction is effected more conveniently by the use 
of zinc alkyl halides (see p. 375). 

The formation of ketones can also be effected by treating acid 
amides with an excess of the Grignard reagent. The yields, how- 
ever, appear to depend on the amide used ; amides of the higher fatty 
acids give better yields than do those of the lower fatty acids (Beis, 
Compt. rend., 1903, 137, 575; Ryan and Nolan, Proc. Boy. Irish 
Acad., 1912, 30, R, 1). A somewhat more complicated example of 
this reaction is the formation of optically active benzoins from 
optically active mandelamides (McKenzie and Wren, J., 1908, 
93, 310; Wren, ibid., 1909, 95, 1583). The reaction probably pro- 
ceeds according to the following equations : 

R-CO-NH^ -f K'Mgl R-CO-NH'Mgl + R'H 

E-CO-NH]%I + E'MgI. 

^i>CO + Mg(OH), + Mgl, + NH, 

Some acid anhydrides also yield ketones by reaction with 1 
molecular proportion of Grignard reagent (Fournier, Bull. Soc. chim., 
1910, [iv], 7, 836), but using 2 molecular proportions of the reagent, 
tertiary alcohols are formed. 

(6) Beduction of Carboxylic Acids, their Esters, Chlorides, and 
Anhydrides to Aldehydes and Alcohols. 

The free carboxylic acids do not readily yield either aldehydes or 
alcohols by the ordinary methods of reduction. Exceptions to this 
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generalisation appear to be o-hydroxy aromatic acids. Thus, it 
has been knoTm for some time that saKcylic acid is reduced by an 
excess of sodium amalgam to o-bydroxybenzyl alcobol (v. d. Velden, 
J. pr. Chem., 1877, [ii], 15, 163). The reduction to aldehyde takes 
place in presence of boric acid and sufficient sulphite to combine with' 
the aldehyde as it is formed. The sulphite may be replaced by p- 
toluidine. This method succeeds with salicylic acid, the cresotic 
acids, a-naphthol-2-carboxylie acid, and some of their substitu- 
tion products. Di- and tri-hydroxybenzoic acids either are not 
reduced or give only poor yields. It is noteworthy that the 
hydroxjd of ^-naphthoi-3-carboxylic acid is reduced simultaneously 
with the carboxyl to give tetrahydronaphthaldehyde. The yield 
is, however, only 25% of the theoretical (Weil, Rer., 1908, 41, 4147 ; 
Weil and Ostermeier, ibid,, 1921, 54, 3217 ; Weil and Heerdt, ibid., 
1922, 55, 224; Weil and Brimmer, ibid., p. 301 ; Weil, Traun, and 
Marcel, ibid., p. 2664). 

The following description illustrates the process. 

U Preparation oj Salicylaldehyde . — Salicylic acid (15 g.) is exactly neutralised 
by the addition of an aqueous solution of sodium carbonate. The solution 
is diluted to 1 litre, heated, and then 18 g. of p-toluidine are added. As the 
resulting solution cools, it is vigorously stirred in order to obtain the base 
in as fine a state of division as possible. After the addition of 250 g, of salt 
and 15 g. of boric acid, the reduction is brought about by gradually adding 
2% sodium amalgam (about 330 — 430 g. are required). Boric acid is added 
at intervals to keep the solution faintly acid, and the reduction mixture is 
stirred throughout the operation. The reduction is complete when a portion 
of the solution gives no precipitate of salicylic acid when acidified with dilute 
hydrochloric acid. The product separates as salicylidene p-toluidine. The 
aldehyde is obtained free by acidif 5 ring the reaction mixture with an excess 
of dilute hydrochloric acid and distilling in steam. The aldehyde is extracted 
from the distillate by ether — ^yield 7 — 8 g. (Weil, Per., 1908, 41, 4147). 

A few other examples of the reduction of acids, their chlorides, and 
anhydrides to alcohols or aldehydes by means of sodium amalgam 
or zinc and acid are recorded in the Hterature. Thus Lirmemarm 
(AnTialen, 1872, 161, 178) describes the production of %-butyl 
alcohol by the reduction of a mixture of Ti-butyryl chloride and 
butyric acid, or a mixture of the anhydride and free acid by means of 
sodium amalgam. The yields are poor, averaging less than 10% of 
the theoretical. J. Wislicenus (Ber., 1884, 17, 2178) has reduced 
phthalic anhydride to phthalide by zinc and hydrochloric acid. 

The electro-reduction of acids has been examined. By this 
means, and under appropriate conditions, many aromatic acids 
furnish the corresponding alcohols. The original papers should be 
consulted for experimental conditions (Tafel and Friedrichs, Ber., 
1904, 37, 3187 ; Mettler, ibid., 1905, 38, 1745; 1906, 39, 2933; 
Marie, Marquis, and Birkenstock, Bull. Soc. chim., 1919, [iv], 25, 
512). 

The conversion of fatty acids into the corresponding aldehydes 
may be effected by passing the vaporised acid mixed with formic 
acid over titanium dioxide at 250 — 300°. The aldehyde is formed in 
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yields of 50% and more from acetic acid and its homolognes and also 
from phenylacetic acid. If tlioria is used as the catalyst, the yields 
are smaller (Sahatier and Maiihe, Compt. rend., 1912, 154, 561). 

An older method, which, however, does not usually give good 
results, consists in heating an intimate mixture of the calcium salt 
of the acid with calcium formate. 

It has been shown recently that acyl chlorides may be reduced 
to the correspondiug aldehyde eatalytically by hydrogen in presence 
of palladised barium sulphate or kieselguhr. The hydrogenation is 
brought about in boiling xylene or cumene solution with a regulator 
such as quinoline, which has been heated with one-sixth of its weight 
of sulphur for several hours. The regulator appears to prevent 
reduction of the aldehyde to alcohol or even to hydrocarbon. The 
method has been applied successfully to the reduction of anisoyl 
chloride, benzoyl chloride, nitro- and chloro-benzoyl chlorides, 
butyryl and stearyl chlorides. Cinnamoyl chloride yields cumamyl 
aldehyde without any appreciable reduction of the double bond, 
Suberyl and sebaeyl chlorides and the chlorides of iso- and tere- 
phthalic acids also yield the corresponding dialdehydes by this 
process (Rosenmund, Ber., 1918, 51, 585 ; Rosenmund and Zetzsche, 
ibid., 1921, 54, 425, 638, 2038, 2888; Rosenmund and Pfankuch, 
1922, 55, 2360; Rosenmund and Zetzsche, ibid., 1923, 56, 

1481). 

The formation of some aldehydes from carboxylic acids can be 
effected by convertmg the acid into the anilide and then by treat- 
ment with phosphorus pentachloride into the corresponding imino- 
chloride (p. 225), which by treatment with stannous chloride under 
suitable conditions 3delds an azomethine. Hydrolysis of the last 
product furnishes the required aldehyde (Sonn and E. MiiUer, Ber., 
1919, 52, 1927). Thus the preparation of benzaldehyde flom benzoic 
acid requires the following stages by this method : 

_ PClj SnOlo 

Ph*C02H — > Ph-CONHPh — > Ph-CCi:NPh — > 

hydrolysis 

Ph-CHINPh. ^Ph-CHO + Pii-NHa 

Preparation of Berizaldehyde from Benzoic Acid . — The reducing agent for 
this purpose is prepared by passing dry hydrogen chloride into a suspension 
of dry powdered stannous chloride (70 g.) in 350 c.c. of dry ether till the salt 
dissolves. Freshly prepared benzanilide iroinochloride (25 g.) is added to 
this solution and the mixture shaken mechanically. It soon separates into 
two layers, the lower, which is dark yellow and viscous, gradually depositing 
crystals; eventually it solidifies, ^ter 2 hours, it is collected by filtration 
and washed with d^ ether — ^yield 46 g. 

The product, which is a double salt of the azomethine and tin chloride, is 
hydrol 5 rsed by adding 50 c.c. of dilute hydrochloric acid to 40 g. of the double 
salt ^xd then steam distilling. Benzaldehyde is separated from the distillate 
by in^ins of ether — ^yield 10-5 g. 

Onnamaldehyde is sumlarly prepared by the reduction of cinnamphenyl- 
i min ochloride (see p. 225) (Sonn and Muller, loc. cit.). 

Prtr^raiian of p-Hydroxyhenzaldehyde. — p-Carbethoxyberizophenylimino- 
ehloride (10 g.) (see p. 226} in 150 e.c. of dry ether is mixed with a solution of 
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20 g. of anhydrous stannous chloride in 100 c.c. of ether saturated with 
hydrogen chloride. After shaking for several hours, the tin double salt is 
collected. It is hydrolysed by warming 10 g. with 75 c.c. of 20% sulphuric 
acid for a short time. The brownish floeeulent mass which separates is 
collected by filtration and washed with water. 5 G. of this product are dis- 
solved in 30 c.c. of alcohol and heated on a water -bath with the addition of the 
calculated amount of 33^^ potassium hydroxide till it is completely soluble 
in water. The alcohol is then removed by distillation and the residue diluted 
with 50 c.c. of water. On acidification p-hydroxybenzaldehyde separates, 
and further amounts are obtained by extracting the aqueous solution with 
ether. The product is purified by repeated crystallisation from water with 
the addition of decolorising charcoal (Sonn and Muller, loc. ciu), 

AnotLer method of very limited application for effecting the 
reduction of carboxylic acids to the corresponding aldehydes has 
been described by Staudinger 1908, 41, 2217). It is based 

on the following series of reactions : 


R-CClIXPli ■ - ■ R-CHIXPh— -> R-CHO -f- Ph-KEIa 

An alternative method consists in converting the acid into the 
nitrile and thence into the aldehyde by a method described on p. 253. 

The preparation of the corresponding alcohols from acids can be 
effected, often in good 3deld, by reduction of the esters by means of 
sodium and ethyl or amyl alcohols. The reaction is represented by 
the equation 

R-CO-OEt + 4H — ^ R-CHa-OH + EtOH 

This method was developed by Bouveault and Blanc {Gompt. 
rend., 1903, 136, 1676 ; 137, 60 ; Bull. Soc. chim., 1904, [iii], 31, 669). 
They found that though it could not be used for formic esters, 
it usually failed when the carboxyl is attached directly to the 
aromatic nucleus, and that the esters of a-hydroxy-acids were not 
reduced regularly, yet it gave good yields with the esters of the fatty 
acids. Thus tetradecyl alcohol results from the reduction of ethyl 
myristate, methyl caprylate gives octyl alcohol, pelargonic ester 
yields nonyl alcohol. The esters of dibasic ahphatic acids are also 
reduced to glycols; suberic ester yielding decane ax-diol, aa-di- 
methylsuccinic ester yields 13? -dimethyl- a^-dioL 

The process used by Bouveault and Blanc consists in adding a 
solution of the ester in 3 — 4 times its weight of alcohol to approxim- 
ately 6 atomic proportions of sodium. A vigorous reaction takes 
place, and after it has subsided, the reduction is completed by heat- 
ing under reflux till as much as possible of the sodium has reacted. 
Although excellent yields are often obtained by this method, the 
isolation of the alcohol sometimes presents serious experimental 
difficidties. Moreover, the yields may sometimes fall short of those 
expected owing, in some measure at least, to the hydrolysing action 
of the ethoxide on the unreduced ester. In the reduction of esters of 
campholic acid, this form of loss has been reduced by using the 
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difficultly hydrolysable phenyl and naphthyl esters instead of the 
less resistant ethyl and methyl esters (Rnpe and Langer, Helv, 
Chim. Acta, 1920, 3, 272). It seems not unlikely that a similar pro- 
cedure may he successful 'vrith many other acids. 

Another method of avoiding loss of product is due to Prins {JRec. 
trav. chim., 1923, 42, 1050). His method consists in covering a 
saturated aqueous solution of sodium acetate with the ester to be 
reduced. The whole is cooled to — 5° and small pieces of sodium are 
added at intervals, followed by sufficient 30% acetic acid to maintain 
a neutral or faintly acid reaction to litmus. The yield of alcohol 
from fatty esters by this method is stated to reach 90% of the 
theoretical- Patty aromatic esters give lower yields. The reduction 
requires about 3 — 5 days for completion. 

The use of toluene or light petroleum solutions of the ester has 
also been recommended (Ford and Marvel, Organic Syntheses, 1930, 
10, 62; Levene and Allen, J. Biol. Chem., 1916, 27, 443; Bleyberg 
and Ulrich, Ber., 1931, 64, 2504). The following description illus- 
trates this modification of Bouveault and Blanc’s method. 

Preparation oj Octadecanol from Ethyl Stearate, — 23*5 G. of sodi-um are 
pressed into 20 g. of ethyl stearate diluted with 200 c.c. of light petroleum 
(b. p. 70 — 80°) and the mixture is heated on a w'ater-bath under a reflux closed 
by a guard tube containing calcium chloride. Butyl alcohol (120 c.c.) is 
added — 10 c.c. at a time — over a period of about 2 hours. The initial evolution 
of hydrogen is brisk, but it gradually slackens and the mixture thickens owing 
to the separation of sodium butoxide. When the greater part of the sodium 
ha5 reacted, 95% alcohol (about 250 c.c.) is added till a clear solution results, 
which is heated on a water-bath for about 1 hour. Water is then added slowly 
so that the resulting reaction is not too vigorous. The thick paste which is 
formed first gradually goes into solution with the addition of more water, and 
a layer of concentrated sodium hydroxide separates. This is siphoned off 
and the upper layer washed with hot water to remove soap and ethyl alcohol. 
The petroleum and butyl alcohol are removed by distillation in steam. The 
non-volatile residue is taken up in light petroleum and washed with aqueous 
alcohol to remove the last traces of soap. The petroleum solution is dried 
over anhydrous sodium sulphate, then evaporated and distilled in high vacuum. 
Octadecanol is collected at 195 — 205°/0*2 mm., m. p. 59 — 60° — ^yield 15 g. 
(Bleyberg and Ulrich, loo. cit.). 

Recently, catal3rtic methods have been developed for the reduction 
of the esters of fatty acids to alcohols and are employed for the 
manufacture of the higher aliphatic alcohols. The ethyl esters of 
laurie, myristic, valeric, and some dibasic acids have been smoothly 
reduced to alcohols by hydrogen under high pressure in presence 
of ‘‘ copper chromite ” as catalyst (Adkins and Polkers, J. Amer. 
Chem. Soc., 1931, 53, 1095; 1932, 54, 1145). 

The reduction of the alkyl esters of the higher fatty acids and also 
of neutral fats by hydrogen at high pressures and temperatures has 
been described by Schrauth, Schlenck, and Stickdorn {Ber., 1931, 
64, 1314). O. Schmidt {ibid., p. 2051) gives conditions for the 
catalytic reduction of esters of the higher fatty acids at ordinary 
pn^sure. 

R^uction of aimdes of fatty acids by sodium and alcohol leads to 
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the formation of the corresponding alcohol, but the product also 
contains the amine produced according to the scheme 




K-CO-XH. < 




(Guerbet, J. pharm. Chi?n., 1899, 
[vi], 10, 160.) 


The reduction is effected by adding a solution of the amide in 
three times its freight of ethyl alcohol to 6 atomic proportions of 
sodium. After the first violent reaction is over, the mixture is 
heated till all the sodium has dissolved. Water is added and the 
product distilled in steam. A mixture of the alcohol and amine 
passes over. The amine is removed by treatment with acid. The 
yield of alcohol from the amides of tz-hexoic, ?^-nonoic, and phenyl- 
acetic acids is approximately 25 — 30% (Bouveault and Blanc, 
Compi. rend., 1904, 138, 148). 


(7) Nitriles. 

The group R-C:N present in all nitriles is unsaturated. As a 
consequence it enters into reaction with a large variety of reagents. 
It can be reduced and hydrolysed, and made to combine additively 
with the Grignard reagent, with halogen hydrides, alcohols, etc. 

(a) Hydrolysis . — ^The ultimate products of the hydrolysis of a 
-ON group are a -COgH group and ammonia, but it is generally 
possible to control the conditions so that amides result. The 
complete hydrolysis of alkyl cyanides can be accomplished by heating 
under reflux with aqueous or aqueous alcoholic alkali (E. Frankland 
and Kolbe, Annalen, 1848, 65, 298). Aryl cyanides generally may 
be hydrolysed under similar conditions, but usually it is more 
convenient to heat them with diluted sulphuric acid (20, 30, or 70% 
concentration) or with 20% hydrochloric acid. 

R-CN + HoO R-CO-NH, R^CO^H + 

The importance of the hydrolysis of nitriles lies in the fact that it 
supplies a method for the introduction of the carboxyl group. The 
reaction is not restricted to the alkyl and aryl cyanides, for it has 
been used for the preparation of a-hydroxy-acids from a-hydroxy- 
cyanides and of a-keto-acids from acyl cyanides. For the latter type 
of preparation the prolonged action of hot aqueous acids is not 
desirable ; and the hydrolysis is better effected by prolonged contact 
with fuming hydrochloric acid at room temperature. A short period 
of heating at 70 — 80® is sometimes necessary to complete the hydro- 
lysis. 

Preparaiion of n-Vcderic Acid from ix-Butyl Cyanide. — n-Butyl cyanide 
(30 g.) is heated under reflus with a solution of 40 g. of sodium hydroxide 
in 50 e.c. of water diluted with 130 c.c, of alcohol. After heating for about 
24 hours the alcohol is removed by distillation, and the residue dissolved in 
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a small bulk of water and rendered faintly acid to Congo paper by the addition 
of moderately concentrated sulphuric acid {60% concentration). The reaction 
mixture is cooled and stirred during this operation. Valeric acid which 
separates is removed, and a further amount can be obtained by extraction of 
the aqueous layer with ether. The acid and the ether extractions are com- 
bined, dried over anhydrous sodium sulphate, and fractionated, n- Valeric 
acid is collected at 180 — 185° (Frankland and Kolbe, loc. cit.\ Adams and 
Marvel, J . Amer. Cheni. Soc., 1920, 42, 312). 

Preparation of PJienylacetic Acid from Benzyl Cyanide, — ^Benzyl cyanide 
(3 g.) is heated under a reflux with 10 c.c. of 70% sulphuric acid, till the mixture 
appears to boil. The hydrolysis then proceeds spontaneously without any 
further heating. Phenylacetic acid separates as a greyish crystalline mass on 
cooling. The mixture is cautiously diluted with water and collected by filtra- 
tion. ^The acid is purified by solution in sodium carbonate, filtration from 
insoluble matter, and precipitation from the filtrate by the addition of a slight 
excess of dilute acid. After filtration and washing with a small amount of 
water, the product is crystallised from warm water, m. p. 76° (Stadel, Ber 
1886, 19, 1951). 

Preparation of Phenylacetamide from Benzyl Cyanide. — Benzyl cyanide 
(10 g.) is dissolved in concentrated sulphuric acid (40 g.). The solution is 
kept- at room temperature overnight, and then poured into water. A pre- 
cipitate results which is collected, pressed on a porous tile to free it from 
unchanged nitrile, and then stirred with cold dilute sodium carbonate solution 
to remove acid. It is finally washed with a small amount of cold water and 
then recrystallised from warm water — ^m. p. 155° (compare Maxwell, Ber. 
1879, 12, 1764). 

Preparation of Anisoylformic Acid (CH 30 *C 6 H 4 *C 0 *C 02 H) and its Amide 
from Anisoyl Cyanide. — ^Fuming hydrochloric acid (20" c.c.) is added to 
anisoyl cyanide (5 g.) and the mixture kept in a sealed tube at room temperature 
for 10 days. It is then diluted with water and extracted with ether. The 
ethereal solution is shaken with potassium carbonate solution, dried over 
sodium sulphate, and evaporated. The residue is the amide of anisoylformic 
acid, m. p. 151 — 152°. 

The addition of an excess of hydrochloric acid to the carbonate washings 
of the ethereal solution precipitates anisoylformic acid (Mauthner, Ber., 
1909, 42, 188; compare Claisen and Moritz, J., 1880, 37, 692), 

Some nitriles, particularly substituted benzonitriles with sub- 
stituents in the ortho position with respect to the -CN group, are 
comparatively resistant to hydrolysis. Thus 2 : 6-dibromobenzo- 
nifrile (XXIX) yields only the corresponding amide (XXX) by 
the action of 80% sulphuric acid at 170°. Other nitriles' which give 
the amide as the principal product of the action of moderately 
concentrated sulphuric ^ acid at 180° are 2:4: 6-trichlorobenzo- 
nitrile (XXXI) , 2 : 6-diiutro-p-tolunitrile (XXXII), 6-nitro-4-hromo- 
o-tolunitrile (XXXIII) (Claus, Annalen, 1891, 266, 224, 377; 
1892, 269, 212 ; Sudborough, J., 1895, 67, 602). 


CN 

CO-NHa 

CN 

CN 



cij^a 

NOa/^NO, 

V 



a 

CHg. 

(XXIX.) 

(XXX.) 

(XXXI.) 

. (xxxn.) 



Some of these nitriles have been hydrolysed to the corresponding 
acid by heating in sealed tubes with concentrated hydrochloric 



DEEIVATR^ES OE CARBOXYLIC ACIDS 


251 


acid at 240°. A more convenient method of converting them into 
carboxylic acids consists in hydrolysing them to the amide by the 
action of moderately concentrated sulphuric acid and subsequently 
treating the latter with nitrous acid (Bouveault, Bull. Soc. chim., 
1892, [iii], 9, 368). The following modification of Bouveault’s pro- 
cess is due to Sudborough (loc. cit.). 

The purified nitrile is heated ^th 25 — 30 times its weight of 90% sulphuric 
acid at 120 — ISO"^ in an oil-bath. The conversion to amide is complete after 
about 1 hour. The mixture is then cooled, and the theoretical amount of 
nitrite in a small amoimt of water is introduced below the surface of the acid. 
The temperature is kept between 20^ and 30" and the mixture stirred. It is 
finally heated gently in a capacious fiask till the evolution of gas ceases, when 
it is ^poured into water. The precipitated acid is collected by filtration and 
purified by solution in sodium carbonate. From this solution the acid is 
precipitated by the addition of an excess of dilute mineral acid. 

(b) Alcoholysis. — ^When nitriles are heated with alcoholic sulphuric 
acid or hydrochloric acid, an ester is formed (Backunts and R. Otto, 
Rer., 1876, 9, 1590). Concentrated sulphuric acid is apparently 
more suitable for this purpose than hydrochloric acid (Spiegel, Rer., 
1918, 51, 296). 

R-CX + Eton + H^O — ^ R-COsEt + NH3 

The general conditions for converting a nitrile directly into an 
ester consist in heating the nitrile with an equimolecular propor- 
tion of concentrated sulphuric acid and about 10 molecular propor- 
tions of ethyl alcohol under reflux at 130 — 135° or in sealed tubes at 
130 — 140°. It should be noted, however, that aromatic nitriles with 
substituents in the ortho position resist esterification by this method 
(Spiegel, loc. cit. ; Pfeiffer and Matton, Rer., 1911, 44, 1115). 

Preparation of PJienylacetic Ester. — A. mixture of 22 g. of beazyl cyanide, 
12 g. of concentrated sulphuric acid, and 30 g. of absolute alcohol is heated 
binder reflux in an oil-bath at 100 — 130° for 3 hours. The excess of alcohol is 
then distilled ofi and the residue mixed with about 150 c.c. of water. The 
ester, which Separates as an oil, is taken up in ether, the ethereal solution dried 
and then fractionated, b. p. 229° — ^yield about 20 g. 

(c) Reduction. — ^Nitriles in general are reduced smoothly to 
primary amines by the action of sodium on alcoholic solutions of the 
nitriles (Ladenburg, Ber., 1885, 18, 2956; 1886, 19, 780). 

R‘C:X + R^CH^XHa 

Preparation of Phenylethylamine. — solution of 50 c.c. of benzyl cyanide 
in 350 c.c. of absolute alcohol contained in a § -litre flask is heated to boiling 
on a sand-bath. Sodium (40 g.) is then added through the condenser during 
15 minutes and the solution heated till all the sodium has dissolved (about 
1 hour). While the product is still warm, 150 c.c. of water are added and the 
alcohol is distilled ofi from a water-bath. The aqueous alkaline residue is 
then distilled in steam and the distillate (about 3 . litres) acidified by the 
addition of 9 c.c. of concentrated sulphuric acid and evaporated to dryness 
on a water-bath — ^yield of sulphate 39 g. (Wohl and Berthold, Per.. 1910, 
43, 2183). 
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The aliphatic nitriles are also reduced by means of zinc and acid, 
but the yields are unsatisfactory. The usual methods of hydrogen- 
ation by the Sabatier-Senderens method {Compt, rend., 1905, 140, 
482) or in alcoholic solution using palladium or platinum as catalysts 
(Paal and Gerum, Ber,, 1909, 42, 1553) give serious amounts of 
secondary amine as ■well as the normal product of reduction. 
Rosenmxmd and Pfankuch {Ber., 1923, 56, 2258) have described 
conditions for catalytic reduction of some nitriles to primary amines 
using acetic acid as a solvent. 

(d) Formation of Immo-ethers . — In the complete absence of 
moisture, nitriles react with alcohols in the presence of hydrogen 
chloride to form the hydrochlorides of imino ethers : 


R-C:N 4- Eton + HCl 


NH,HC1 

6Et 


(Piimer, Ber., 1883, 16, 352, 1643 ; 1890, 23, 2917 ; Glock, ibid., 
1888, 21, 2650; Eitner and Wetz, ibid:, 1893, 26, 2840). The 
general method of preparations is illustrated by the following 
descriptions. 

_ Preparation of Acetimino Ethyl Ether Hydrochloride. — ^Perfectly dry aceto- 
nitrile (100 g.) (dried by keeping in contact with calcium chloride for 1 week 
and then fractionating) is mixed with 113 g. of dry ethyl alcohol. Dry 
hydrogen chloride is passed in till the weight has increased by 92 g. During 
the passage of the hychogen chloride the mixture is surrounded by a bath of 
ice and salt. Acetimino ether hydrochloride separates out on keeping for 
2 or 3 days. Moisture must be excluded (Dox, Organic Syntheses, 1928, 
8 , 1 ) • 

Preparation of Benzimino Ethyl Ether Hydrochloride. — A. mixture of equi- 
molecular proportions of benzonitrile and absolute alcohol is cooled by an 
external bath of ice and salt and saturated with dry hydrogen chloride. 
The liquid is kept for several days, moisture being excluded, and then evapor- 
ated under reduced pressure. The residue solidifies to a crystalline mass of 
the hydrochloride on keeping. It is obtained as transparent prisms, m. p. 
118—120° (Pinner, Ber., 1883, 16, 1654). 

Most nitriles yield imino-ethers by the above procedure, exceptions 
being aromatic nitriles witb substituents in the ortho position "with 
respect to tbe -CN group (Piimer, Ber., 1890, 23, 2917). Some 
aliphatic nitriles contaming "bwo or more chloro- or bromo-groups in 
tbe a-position, such as dichloro-, tricbloro-, tribromo-, and dicbloro- 
nitro-acetomtriles, do not form imino-ethers by tbe general method, 
nor does nitroacetonitrile. Chloro-, bromo-, or iodo-acetonitriles, 
however, react normally to form imino-ethers (Steinkopf and 
Mal inowski, Ber., 1911, 44, 2898). 

(e) Reaction with Phenols. Hoesch Synthesis of Phenolic Ketones. 
— I mine s are fopned when equimolecular proportions of suitable 
phenols and nitriles in ethereal solution are saturated wdth hydrogen 
chlonde in presence of anhydrous zinc chloride. Hydrolysis of the 
mme results m the form^ion of phenolic ketones (Hoesch, Ber., 
191d, 43, 1122 ; 1917, 50, 462). (See p. 99.) 
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(f) Conversion of Nitriles into .Aldehydes . — ^This depends on the 
formation of an imino-chloride from the nitrile by the action of 
hydrogen chloride, and its subsequent reduction to an aldimine. 
This, bv hvdrolvsis, gives an aldehyde (H. Stephen, «/., 1925, 127, 
1874). 

R-C:X R-Ca:XH R*CH2sTI R-CHO + NH 3 

This method has been applied successfully to aliphatic and 
aromatic nitriles, and the yields are generally good, although o- 
tolunitrile and a-naphthonitrile ^ve imsatisfactory results (Stephen, 
loc. cit). The process fails vdth 4-CTanodiphenyl (Shoppee, 
1933, 39). 

Stephen gives the following general directions : 

Finely-pondered anhydrous stannous chloride (1^ mol. proportions) is 
suspended in dry ether -which is saturated with dry hydrogen chloride till the 
misrture separates into t-wo layers. The nitrile (1 mol.) is now added -with 
-vigorous shaking. After a fe-w minutes a white crystalline aldimine stanni- 
chloride, (R-CBriXH,HCl) 2 SnCl 4 , begins to separate. It is collected by 
filtration and hydrolysed by warming with water. The aldehyde is either 
steam distilled or taken up in ether. 

(g) Reaction ivith Grigmrd Reagent . — ^The addition of an ethereal 
solution of a nitrile to an ethereal solution of a Grignard reagent 
generally results in the formation of a compound of the type 
RRCiX'MgCl, the reaction usually being completed by warming 
on a water-bath. In the aromatic series, the free ketimine 
RRC.'XH may be isolated by decomposition of the initial additive 
compound with ice-cold ammonium chloride solution. The prepar- 
ation of mixed aliphatic aromatic ketimines by this method requires 
special precautions (Moureu and Mignonac, Compt. rend., 1913, 156, 
1801). The reaction of the Grignard reagent with nitrile is generally 
used for the preparation of ketones. This is achieved by treatment 
of the ketimine magnesium chloride with dilute acid. 

RRGINlMga 4- 2HC1 + H^O — > RRCO MgCl^ -f XH^Cl 

It is noteworthy that acetonitrile reacts with methyl or ethyl 
magnesium bromide in an abnormal manner, for none of the expected 
ketone is formed. Instead, some of the Grignard reagent is decom- 
posed to give paraffin hydrocarbons, and a number of nitrogenous 
compounds more complex than acetonitrile are formed. Benzyl 
cyanide behaves somewhat similarly, although a small yield of the 
required ketone is obtained. The homologues of acetonitrile react 
more normally to furnish ketones as the principal product, but even 
here a number of by-products are formed. 

The tendency for acetonitrile and benzyl cyanide and to a less 
extent other nitriles to react in the immo-form seems to be respons- 
ible for the production of undesirable, by-products in these reactions 
(Bruylants, Bidl. Acad. roy. Belg., 1922, [v], 8, 7 ; Baerts, Bull. 
Soc. chim. JSelg., 1922, 31, 184; Rondou, ibid., p. 231). 
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Tlie reaction of alkyl cyanides with arjd magnesium halides 
appears to be more satisfactory. 

Preparation of Phenyl Alkyl Ketones from Alkyl Cyanides. — ^The following 
directions are given by Shriner and Turner [J . Amer. Chem, Soc., 1930, 52, 
1268), and have been applied successfully to the preparation of the w-alkyi 
aryl ketones from methyl to amyl. The best yields are obtained when 4 mol. 
proportions of the Grignard reagent are used. 

The aryl magnesium bromide is prepared from 25 g. of magnesium and 160 
g. of bromobenzene in dry ether. 

The nitrile (0-25 g.-mols.) diluted with 100 o.c. of ether is added to the 
Grignard reagent during 15 minutes, the solution being stirred during the 
addition. After keeping overnight, it is poured on a mixture of 500 g, of ice 
and 300 c.c. of concentrated hydrochloric acid. The aqueous layer is separated 
and refluxed vigorously for 1 hour. It is then cooled and extracted with ether. 
The ketone in the ether extract is obtained by fractional distillation. 

Preparation of oi-M ethoxy acetophenone. — An ethereal solution of methoxy- 
acetonitrile {10*4 g.) (PolstrofE and Meyer, Bar., 1912, 45, 1911) is gradually 
added to a cooled solution of phenylmagnesium bromide, from 22*9 g. of 
bromobenzene and 3-5 g. of magnesium in 150 c.c. of ether. The ad(5tive 
compound thus formed is kept overnight and then decomposed by adding 
ice-water and cold dilute sulphuric acid. The ethereal layer is separated, 
washed with sodium carbonate solution and water, then dried and distilled 
under reduced pressure, b. p. 118 — 120° /15 mm. (Pratt and Robinson, 
1923, 123, 748). 

(h) Other Reactions. — Some nitriles are converted into amides by 
the action of dilute hydrogen peroxide solution in feebly alkahne 
solution (Radziszewski, Ber.^ 1886, 18, 355). As far as this reaction 
has been examined, it appears to be satisfactory with aromatic 
nitriles except those with or^Ao-substituents. Alkyl cyanides, in 
general, do not give satisfactory results (Deinert, J. pr. Chem., 
1895, [ii], 52, 431). 

The addition of hydrogen sulphide to nitriles results in the form- 
ation of thioamides 

Ph-CN + H^S — > Ph-CS-NHg 

Preparation of Thiohenzatnide. — A mixture of benzonitrile (20 g.), alcoholic 
ammorda (60 c.c.), and alcohol (60 c.c.) is saturated with hydrogen sulphide 
8md then heated on a water-bath in a closed vessel for 1 hour. The alcohol 
and ammonia are driven off by distillation and the residue of thiobenzamide 
is crystallised from hot water, m. p. 116° — ^yield almost theoretical (Gabriel 
and Heymann, Per., 1890, 23> 158). 

Nitriles can also combine additively wdth hydroxylamine (Tie- 
mann, Ber., 1884, 17, 128; .Tiemann and Kriiger, ibid., p. 1685; 
Nordmann, ibid., p. 2746 ; Jacoby, ibid., 1886, 19, 1500 ; Eitner and 
Wetz, ibid., 1893, 26, 2844) . 

The addition of aniline to some nitriles wdth the formation of 
amidines has been recorded (v. Walther and Grossmaim, J. pr. 
Chem., 1908, [ii], 78, 476). 
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(1) General Reactions. 

(а) Sait Formation. 

(б) Acylation and Alk}dation. 

1. Acylation, 

2. Formation of Substituted Ureas. 

3. Alkylation of Primary and Secondary Amines. 

4. Arylation of Primary and Secondary Amines. 

5. Formation of Quaternary Ammonium Salts. 

(c) Degradation of Amines. 

[d] Oxidation of Amines. 

(c) Action of Citrous Acid. 

1- Primary Amines. 

(a) Aliphatic Amines. 

{^) Esters of a- Ammo- Acids. 

(■c) Aromatic Amines. 

2. Secondary Amines. 

3. Tertiary Amines. 

(/) Replacement of the Amino Group by Hydroxyl. 

(g) Action of Nitric Acid. 

(h) Action of Halogens. 

( i) Action of Sulphuric Acid. 

(2) Special Reactions of Diamines. 

(«) 1 : 2-Diamines. 

\h) 1 : 3-Diamines. 

(c) 1 : 4-Aroinatic Diamines. 

* [d) Formation of Cyclic Compounds from Aliphatic Diamines. 

(3) Quaternary Ammonium Compounds. 

( 1 ) General JReadions, 


(a) SaU FormcUim, 

The formiilation of amines as substituted ammonias allows of three 
types : primary — ^general formula R'NHg ; secondary — ^general 
formula RR'NH ; tertiary — general formula RR'R"N. The groups 
replacing the hy^ogens of ammonia may be alkyh aryl, or their 
substituted derivatives ; unsaturated radicles ; heterocycho residues ; 
or the nitrogen may he a part of a heterocyclic group as in pyridine. 
The nature of the groups attached to nitrogen has a pronounced 
influence on the basic properties of the resulting amine. In general, 
the alkylamines axe strongly basic, distinctly alkaline to litmus, and 
in the moist state combine with carbon dioxide. Indeed, the lower 
alkylamines axe more strongly basic than ammonia, and can he 
titrated accurately with acids using methyl-orange or bromophenol 
blue as indicator. The presence of an aryl group reduces the basicity 
so that aniline and its homologues, although forming salts with dilute 
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mineral acids, have no appreciable effect on litmus and do not 
abstract carbon dioxide from the air, nor can they be estimated 
satisfactorily by titration with acids in presence of the usual indic- 
ators ; indeed, their hydrochlorides behave as free acids on titration 
with standard aqueous alkali using phenolphthalein. The effect on 
the basicity is still more marked if more than one aryl group is 
present. Thus diphenylamine yields salts which are extensively 
hydrolysed in wnter with the partial separation of the free base. 
Triphenylamine behaves as a neutral compound and forms no salts. 
However, an additive compound with perchloric acid must be 
excepted. 

The following table gives the ionisation constants (x lO"^) at 18"^ 
of the lower albylamines (Moore and WinmiU, J., 1912, 101, 1671).* 


NH 3 .... 0*29^ C 2 H 5 NH 2 6-73 

CHaNHa . . . 4-87 (C 2 Hs) 2 NH 10*o9 

(CH 3 ) 2 lSrH . . . 14-21 7-87 

fClPf-UTsT . . . 0-72 n-^Q±L^ssrL2 4-68 

(n-C3H7)2NH 9-16 


The following table gives the affinity constants of some of the 
aromatic bases (Farmer and Warth, J., 1901, 85, 1713; compare 
AmaU, ibid,, 1920, 117, 837). 

Aniline . . . 5-3 x 10“io o-Nitraniline . 

o-Tolnidine . . 7-3 x 10“^^ m-Nitraniline 

m-Toluidine . . 2-9 x 10~^o ^^-Nitrardline . 

2 ?-Toluidine . . 1-1 x 10~^ 25-Chloraniline 

a-N^aphthylannne . 9-9 x 10-^^ p-Bromaniline 

8-?C‘aT>lit.hvlainine . 2-0 x 10~^® 

Although the introduction of one nitro-group into the nucleus of 
aniline reduces the basicity so markedly, the nitranilines are stiU 
basic enough to yield salts wdth mineral acids, although such salts 
are extensively hydrolysed by water. The presence of more than 
one nitro in the nucleus has the effect of reducing the basicity still 
further, so thaJt the resulting amines have little tendency to salt 
formation. The same remark apphes to the introduction of a halo- 
gen group. 

In its simplest form, the preparation of salts of amines consists 
in adding a slight excess of the appropriate acid to the amine. Such 
acids are dilute sulphuric acid, concentrated or dilute hydrochloric 
or hydrobromic acids. If there is no separation of the salt, the 
resulting solution may be evaporated on a water-bath or in a vacuum 
desiccator till crystallisation takes place. When the crystallis- 
ation of halogen hydride salts from aqueous media is unsatisfactory, 
they may be obtained by passing the dry halogen hydride into a 
solution of the amine in benzene, chloroform, or ether. This 
method is particularly convenient for the preparation of the halogen 
hydnde s^ts of the alkylanilines and dialkylanilines and of the 

* It should be noted ttat E. A. Werner ( J., 1918, 113, 900 ; 1919, 115, 1010) 
considers th&t the relative strengths of the ethylamines are not accurately 
represented by the values in this table. 


. 5-6 X 10-1 

. 4-0 X 10-1 

. 1-2 X 10-1 

1-5 X 10-1 

. 1-0 X 10-1 
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amines which yield salts which are extensively hydrolysed by water. 
Thus the hydrochlorides of the dialkylanilines are readily obtained 
in a crystalline state by saturating a solution of the amine in dry 
ether with dry hydrogen chloride. Moisture must be rigidly ex- 
cluded (compare Reilly and Hickinbottom, 1918, 113, 103; 
1920, 117, 131). The hydrochlorides of the lower monoalkylanilines 
are best prepared in benzene solution, but this method is not so 
satisfactory with alkylanilines containing large alkyl groups. 

Most amines form wen-crystalline salts with picric acid, which can 
be used to characterise the bases or to separate them from mixtures. 
These salts are usually prepared by mixing the components in a 
suitable solvent, the choice of which is determined by the relative 
solubihties of the picric acid, the salt, and the amine. Less rarely 
they can be obtained by double decomposition. Picrolonic acid (I) 
has also been used for the characterisation of amines, particularly 
when picric acid is unsatisfactory. It furnishes salts, which in 
general are more sparingly soluble than picrates and have higher 
melting points. The method has been employed principally for the 
characterisation of simple ahphatic hydroxylamines, morpholine 
bases, and some of the alkaloids (Knorr, Annalen, 1898, 301, 5 ; 1899, 
307, 183; Knorr and Brownsden, Ber., 1902, 35, 4470; Matthes, 
Annalen^ 1901, 315, 109; Pictet and (Jams, Rer., 1909, 42, 2952; 
Pictet and Spengler, ibid,, 1911, 44, 2034). Iminazole dicarboxylic 
acid (11) has also been proposed for the characterisation of amines 
(Pauly and Ludwig, Z,f. Physioh, 1922, 121, 165). 

CO— c:nO'OH — b-cOgH 

(I.) (H.) 

ALTomatic amines yield additive compounds with di- and tri-nitro- 
compounds such as 1:3: 5-trinitrobenzene and 2:4: 6-trinitro- 
toluene. The bo.dies are sometimes used for the characterisation of 
amines (see Pfeiffer, Organische Molekulverbindungen, 1922, pp. 226 — 
236 and 239 — ^242). Perchloric acid (70% aqueous solution) gives 
well-crystalline salts with some amines, and has been recommended 
for the purpose of separating and characterising such amines (K, A. 
Hofmann, Roth, Hobold, and Metzler, Rer., 1910, 43, 2624). 

(b) AcyTution arid Alkylation. 

The absence of a replaceable hydrogen attached to the nitrogen of 
tertiary amines distinguishes them in their reactions towards acyl- 
ating and alkylating reagents. Thus primary and secondary amines, 
in general, yield substituted amides on acylation, while tertiary 
amines can be recovered unchanged after such treatment by adding 
water and aqueous alkali. The hydrogen of the amino-group in 
primary and secondary amines can also be replaced, under suitable 
conditions, by alkyl or aryl groups, or by -CO-NHg, -Cl, -Br, or -NOg 
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groups. These reactions are considered in outline in the sections 
immediately foILowmg. 

1. Acylation. The methods available may be classified broadly 
as follows : (a) heating with the appropriate acid, {b) reaction 
of the amine with the acid chloride, bromide, or anhydride ; (c) less 
rarely reaction with the ester or even the amide. 

The first of these methods is an extension of the process described 
in Chap. V for the preparation of amides, and consists simply in 
heating the appropriate amine with an excess of a suitable carboxylic 
acid. 

R-NH^ + HO-CO-R' — ^ R-NH-CO-R' + H^O 
The type of preparation is similar to that of acetamide. 

Preparation of Acetanilide. — A mixture of 40 g. of aniline and 50 g. of glacial 
acetic acid is heated in a round-bottomed flask fitted with a long ‘‘ rod and 
disk ” fractionating column so that the temperature at the top of the column 
never exceeds 105°. In this way, the water which is formed in the reaction 
is continuously distilled away. The reaction is complete after several hours, 
when the contents of the flask are poured into about 300 c.c. of cold water. 

acetanilide is collected by filtration, washed with a little water, and crystal- 
lised from hot water containing a small amount of alcohol, m. p. 114°. 

The higher homologues of acetanilide are prepared similarly. 
Indeed, this process is frequently used for the characterisation of. 
monobasic acids (see p. 197). It is noteworthy that the ease with 
which formic acid 3 delds substituted formamides by this method far 
exceeds that of its homologues. Thus formanilide. is obtained quite 
readily by warming aqueous 50% formic acid and aniline. 

Thioacetic.acid has been recommended for the preparation of 
acetyl derivatives, and it is stated to have the advantage that acetyl- 
ation of aniline and its homologues proceeds in the cold ; hydrogen 
sulphide is evolved (Pawlewski, Ber., 1898, 31, 661 ; 1902, 35, 110). 

CH3-CO-SH -f Ph-NH^ — Ph-NH-CO-CHs + H^S 

It is usually more convenient, as a general method of preparation, 
to use either the acid chloride or anhydride. Acid chlorides react 
with amines to form acyl derivatives and the hydrochloride of the 
amine 

R-CO*a + 2R'-NH2 — > R-CO-NHR' + R'-NH^^Cl 

The separation of the hydrochloride from the acyl derivative depends 
naturally on the relative solubilities of the two compounds. The 
reaction can be effected in a solvent in which the amine hydrochloride 
is insolnhle, or if the acyl derivative is insoluble in water, it is usually 
suf&cient to extract the hydrochloride with water after the reaction. 

PrepanMum of cm-Benzylsidphonyl Piperidide. — 1 Mol. proportion of hen 2 yl- 
sulphonyl chloride is added to 2 mol. proportions of piperidine in benzene 
solution. The precipitate of piperidine hydrochloride which separates is 
collected and the filtrate evaporated. Crystallisation of the residue from 
a^pxeous alcohol yields the pure sulphonyl derivative, m. p. 131°. Benzyl 
sulphonyl derivatives of other a m i n es such as allylamine, dibutylamine. 
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toluidine, efcc. iiave been prepared similarly (Marvel and Gillespie, J - JLtner, 
CMm. Soc., 192G, 48, 2943). 

Preparation of Benzoyl-p-toluidine . — ^Benzoyl cblonde (0*2 g.) is warmed 
gently with, about twice its weight of p-tolnidine in a water-bath till all 
reaction ceases. The product is then extracted with hot water containing 
some dilute hydrochloric acid till it is free from amine hydrochloride. The 
residue is crystallised from alcohol, m. p. 157°. 

This method is a general one for the preparation of benzoyl- and aryl- 
sulphonyl deri%”atives of aromatic amines. 

When the acyl chloride is comparatively stable to water and dilute 
and cold aqueous alkali, the introduction of the acyl group may be 
effected by the method due to Schotten {Ber., 1888, 21, 3430) and 
Baumann" (th id., 1886, 19, 3218). The amine suspended in dilute 
aqueous alkali (about 10% concentration) is treated with the suitable 
acyl chloride ; about 1 J — li times the theoretical amount is usually 
sufficient. The mixture should be either stirred or shaken during 
the introduction of the acyl chloride and the shaking continued 
till most of the acyl chloride has reacted. The excess of acyl 
chloride is destroyedf by heating the reaction mixture gently. The 
sparingly soluble acyl derivative, /thus formed, is collected by 
filtration, washed with water until free from alkali, and purified 
by crystallisation from a suitable solvent. It is essential that the 
aqueous solution should remain alkaline throughout the acylation. 
This method succeeds • with the chlorides of the aromatic acids, 
with chlorides of aromatic sulphonic acid, and with furoyl chloride. 
When the sulphonyl chlorides are used, the product from primary 
amines is soluble in alkali, while that from secondary amines is 
insoluble. This is the basis of a method of distinguishing and 
separating primary and secondary amines (Hinsberg and Kessler, 
Ber., 1905, 906). 

The Separcdion of Primary, Secondary, and Tertiary Amines hy the Use of 
Benzenesulphonyl Chloride . — mixture of the bases is suspended in 4 mol. 
proportions of 12% aqueous potassium hydroxide and then 14 mol. proportions 
of benzenesulphonyl chloride are added gradually while the mixture is shaken 
vigorously. When the reaction is complete the last traces of the sxdphonyl 
chloride are removed by gently wanning- The alkaline solution is then acidi- 
fied with hydrochloric acid and the precipitated sulphonamides are collected by 
filtration or taken up in ether. Any tertiary amine present in the original 
mixture remains in the aqueous acid solution and can be recov^ered by making 
alkaline. 

The sulphonamides may contain appreciable amounts of the disnlphonyl 
derivative of the primary amine, and as it is insoluble in aqueous alkali, 
it is necessary to hydrolyse it to the monosulphonyl derivative. Accordingly, 
the collected sulphonamides are heated under refiux with an alcoholic solution 
of sodium ethoxide (0*8 g. of sodium in 20 e.c. of alcohol for every 1 g. of the 
original mixture of bases) for 15 minutes. The solution is then diluted with 
water, the alcohol distilled ofi, and the alcohol-free aqueous residue cooled. 
The benzenesulphonyl derivatives of the secondary amines are insoluble, and 
after collecting them either hy solution in ether or by filtration, they are dried 
and weighed. The alkaline aqueous solution contains only the sulphonyl 
derivatives of the priniary amines. They are precipitated by the addition of 
an excess of dilute mineral acid, collected, dried, and weighed. 

When the_ primary amine present in the mixture of bases has a com- 
paratively high molecular weight, the separation by the above method is 
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generally nncertaiix owing to the sparing solubility of the alkali salt of the 
benzenesulphonyl derivative of the primary amine. It is then necessary 
to us© the follo*^Tng method of separation, and Hinsberg recommends that 
it should be adopted with all amines containing more than seven carbon atoms. 

The product, after treatment with sodium ethoxide, is evaporated and 
acidified. The precipitated mixture of sulphonamides is collected, dried, and 
then dissolved in dry ether in a flask fitted with a reflux condenser. Small 
pieces of sodium, or better sodium wire, are added, and the mixture is warmed 
gently under reflux for 6 — 8 hours. Some unchanged sodium should always 
be present at the end of this period. After cooling, the suspended matter is 
collected and washed with several small volumes of ether. The ethereal 
filtrate contains only the benzenesulphonyl derivative of the secondary amine. 
The residue, insoluble in ether, is a mixture of the sodium salt of the benzene - 
sulphonyl derivatives of the primary amines and free sodium. It is evaporated 
with some alcohol, diluted with water, and then acidified. 

Benzenesulphonyl chloride may be replaced by p-toluenesulphonyl chloride, 
but it is advisable in these circumstances to have a small volume of ether 
present to facilitate the reaction between the amines and the acid chloride. 

When this method is used for the quantitative determination of primary, 
secondaiy, and tertiary amines in a mixture, approximately accurate results 
are obtained if proper precautions are observed. It is obvious, however, that 
it cannot be applied to those secondary and primary amines which do not react 
smoothly with toluene- or benzene -srdphonyl chlorides. Among such amines 
are alkylanilines containing Jer#. -alkyl groups attached to nitrogen, triphenyl- 
amine, and some nitranilines (compare Hickinbottom, J., 1933, 946). 

IsTaphthalene- and anthraquinone-sulphonyl chlorides have also been used 
for the detection of primary and secondary amines (Hinsberg, Ber., 1900, 
38, 3527). 

Other methods of acylation involve the action of the acid chloride 
on an ethereal solution of the amine containing suspended potassium 
carbonate (Claisen, Rer., 1894, 27, 3182); acylation in pyridine 
solution. 

Preparation of Benzanilide , — ^A solution of aniline (18 g.) in 180 c.c. of 
dry ether is heated under reflux after adding 42 g. of finely -powdered potassium 
carbonate. Benzoyl chloride (28 g.) is then slowly added and the heating 
continued for several hours. The ether is finally distilled ofi, water added, 
and the benzanilide collected by filtration — ^yield 24 g., m. p. 163° (Claisen, 
loc. dt.). 

Acetylation of the primary aromatic amines is most conveniently 
effected on a small scale by the use of acetic anhydride. The re- 
action between acetic anhydride and aniline and" its homologues 
proceeds very readily, and is best brought about by adding the 
anhydride to a suspension of the amine in about 5 volumes of water. 
Heat is generated in the reaction, and the suspension rapidly 
becomes pasty owing to the separation of the acetyl derivative. 
When the amine has a comparatively high molecular weight, ii 
is usually more convenient to suspend the base in aqueous acetic 
acid before addi^ the anhydride. The use of alcohol as a dilueni 
for the acetylation of amines with acetic anhydride in the cold 
h^ Ihe advantage that the excess of anhydride can be removed 
simply by one or two evaporations with alcohol (Lumiere a 
Barbier, BvM. Soc. chim., 1906, rhih 35, 625). Acetvlation w 
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aqueous or alcoholic acetic anhydride is not satisfactory with 
primary arylamines containing negative substituents in the nucleus. 

The method of acetylation, just indicated, has the advantage 
that there is no tendency to the formation of diacetyl derivatives, 
w^hich is the ease when undiluted acetic anhydride is used. Thus 
when aniline (10 g.) is heated with four times its weight of acetic 
anhydride for 1 hour the product is a mixture from which 10 g. of 
diacetylandline and 5*6 g. of acetanilide may be isolated (Sud- 
borough, J., 1901, 79, 534). The presence of substituents such 
as -Cfig, -XOo, -Cl, -Br in the oHho position to the amino-group 
appears to favour the formation of diacetyl derivatives. Thus an 
excellent yield of diacetyl-o-toluidine results when o-toluidine is 
heated under reflux with four times its weight of acetic anhydride. 

The presence of nitro-groups and to a less extent bromo- and 
chioro-groups in the nucleus of aromatic amines retards acetylation 
at room temperature. The effect becomes more pronounced with 
the accumulation of negative groups. Thus a solution of 2 : 4 : 6- 
tribromaniline in an excess of acetic anhydride may be kept at 
room temperature for a fortnight without the formation of any 
acetyl compound. The presence of a small quantity of concen- 
trated sulphuric acid catalyses the acetylation very markedly. 
Thus the addition of two drops of concentrated sulphuric acid to a 
solution of 1 g. of 2 : 4 : 6-tribromanilme in 20 g. of acetic anhydride 
yields pure 2:4: 6-trihromacetannide after keeping for 10 minutes 
at room temperature. The product is isolated hy pouring into water 
(A. E. Smith and Orton, J., 1908, 93, 1242 ; Orton, ibid,, 1902, 81, 495). 

The most convenient method for the isolation of the acetyl 
derivatives of the lower alkylanihnes consists in distilling a mixture 
of equal volumes of the amine and acetic anhydride. After re- 
jecting the fractions below 200°, the approximately pure acetyl 
derivative is collected. Many of these acetyl compounds crystallise 
on cooling (Hickinbottom, J., 1930, 994). 

It is obvious that the structure of tertiary amines does not permit 
of the formation of amides by reaction with acyl chlorides or anhy- 
drides. Numerous observations have been made, however, which 
indicate that tertiary amiues are able to combine additively with 
acid chlorides to yield compounds which, in general, are decomposed 
by water with the regeneration of the original amine. Thus pyridine 
and acetyl chloride combine in the ratio of 1 : 1, and the resulting 
compound furnishes pyridine hydrochloride and ethyl acetate by 
treatment with alcohol (Dennstedt and Zimmermann, Ber,, 1886, 
19, 75; Ereudenberg and Peters, ibid., 1919, 52, 1463). Oxalyl 
chloride also combines with pyridine (Jones and Tasker, P., 1908, 
24, 271 ; Ereudenberg and Peters, Toe. cit.), Dehn (J. Amer. CJiem. 
Soc., 1912, 34, 1399) and Dehn and Bafl {ibid., 1914, 36, 2091) 
describe additive compounds of benzoyl and acetyl chloride with 
triethylamine, pyridine, dimethylanilme, and some other tertiary 
amines. Vorlander and Nolte {Ber., 1913, 46, 3212) have described 
additive compounds of trimethylamine with arylsulphonyl chlorides 
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whick are sufficiently stable to water to yield platinichJorides and 
aurichlorides. 

(2) Formation of Substituted Ureas . — ^Tke salts of primary and 
secondary amines with cyanic acid isomerise more or less readily 
to furnish substituted ureas (Wurtz, Compt. rend., 1851, 32^ 414). 

R-NHs^HCNO — > R-NH-CO'NHg 

The reaction thus resembles the conversion of ammonium cyanate 
to carbamide. The following descriptions illustrate its application. 

Preparation of Methyliirea. — ^An aqueous solution of methylamine sulphate 
is evaporated on a water-bath with the calculated amount of potassium 
cyanate. The dry residue is extracted with hot absolute alcohol. Evapor- 
ation of the alcoholic extract yields methylurea, which may be purified by 
precipitating it as nitrate by the addition of nitric acid. 

After crystallisation of the nitrate from water, it is decomposed by treat- 
ment with an excess of an aqueous suspension of barium carbonate. The 
mixture is evaporated and then extracted with hot absolute alcohol. Pure 
methylurea is obtained by evaporation of the alcoholic extract, m. p. 101 — 
102° (Wurtz, loc. Git.). 

aa-Dimethylurea, ethylurea, ^'^obuty!- and sec-butyl-ureas have been 
prepared by a similar process, but with these, purification through the nitrate 
-is not advisable (Leuckart, J. pr. Gfiem., 1880, [ii], 21, 29; Dixon, J., 1895, 
6*/, 559). 

Preparation of Phenylurea. — solution of aniline hydrochloride in water 
is treated with the calculated amount of potassium cyanate dissolved in 
water. After keeping for some hours the solution has set to a ciystallme mass. 
It is drained under suction, washed with cold water, and recrystallised from 
boiling water, m. p. 147° (Weith, Ber., 1876, 9, 820 ; A. W. Hofmann, Annalen, 
1849, 70, 131). 

Homologues of aniline similarly yield arylureas. 
g. The use of acetic acid as a solvent is an alternative procedure. 

Preparaiion of o-Tolylurea,. — ^A solution of 21*4 g. of o-toluidine in 20 c.c. 
of acetic acid is diluted with 400 c.c. of water and then mixed with a solution 
of 16 g. of potassium cyanate in 40 c.c. of water. An abundant precipitate 
of o-tolylurea is obtained. It is purified by crystallisation from alcohol, 
m. p. 190 — 191° (Walther and Wlodkowski, J. pr. Chem., 1899, [ii], 69, 273). 

PreparcUion of fi-NapMJiylurea. — ^The necessary amount of powdered potass- 
ium cyanate is added to a solution of jS-naphthylamine in glacial acetic acid. 
The resulting mixture is warmed till the cyanate has dissolved, and the 
solution poured into a large volume of water. j8-lTaphthylurea is precipitated, 
m. p. 213—214°. 

Primary and secondary amines react smoothly with isocyauic 
estem to furnish substituted ureas. Phenyl isocyanate is generally 
used for this purpose, and the reaction is effected by warming 
equimolecular amounts of the amine and the isocyanate in a suitable 
non-hydroxylic solvent; hght petroleum is very convenient for 
this purpose. 

PhNCO + R-NHg — > Ph-NH-CO-NHR 

It is of the utmost importance that moisture be excluded from 
the reaction by using only carefully dried solvents and amiue, 
since phenyl isocyanate reacts with water to give diphenylurea. 
The use of a-naphthyl isocyanate has the advantage over phenyl 
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isocyanate in that it is less sensitive to water, and consequently 
there is less risk of the formation of undesirable by-products (Neuberg 
and Manasse, Ber., 1905, 38, 2359 ; French and Wirtel, J. Amer, 
Chem. Soc,, 1926, 48, 1736). 

Phenyl isothiocyanate reacts similarly with amines to yield the 
corresponding thioureas. The reaction is brought about in a manner 
quite similar to that of phenyl isocyanate. 

(3) Alkylation of Primary and Secondary Amines . — ^The progres- 
sive substitution of the hydrogens of a primary amine leads to the 
successive formation of a secondary and a tertiary amine. When 
the substituting group is alkyl, this can be achieved conveniently 
by reaction of the amine with the appropriate alkyl halide or alkyl 
s^phate. The composition of the final product depends largely 
on the proportions of the reactants employed and also on the 
experimental conditions. In general it is difficult to restrict the 
substitution to the exclusive formation of any one type of amine, 
and the product usually consists of a mixture of both types of amine 
with important amounts of unchanged amine and frequently some 
quaternary ammonium salt. The formation of such a mixture, 
when alkyl halides are used, is obviously due to the liberation, in 
the reaction, of halogen hydride, which then combines with the 
amines present. The distribution of the halogen hydride is de- 
pendent on the relative strengths of the amines, on their relative 
proportions, and also on the solubilities of the amine salts in the 
reaction mixture. La the alkylation of arylamines, the solid which 
separates usually contains a high proportion of the salt of the amine 
which is being alkylated, leaving in solution a relatively large 
amount of the alkylated amine to react further with the alkyl 
halide. These difficulties can be overcome, at least to some extent, 
by effecting the alkylation in the presence of some reagent which 
combine with the liberated halogen hydride such as alkali 
carbonate or bicarbonate. 

Preparation of Dimethyl-'p-xylidine. — A mixture of 10 g. of ^^-xylidine, 30 g. 
of methyl iodide, 25 g. of sodium carbonate, and 250 c.c. of water is heated 
imder reflux for 6 hours. The oil is separated, dried in contact with anhydrous 
potassium carbonate after diluting with ether, and then distilled, b. p. 205®. 

Preparation of DiTYiethyl-o-toluidine. — o-Toluidine (10 g.) is heated with 
75 g. of methyl iodide under reflux in a water-bath at 50° for J hour. The 
excess of methyl iodide is distilled off, the residue dissolved in water and 
treated with an excess of aqueous potash. The amine thus liberated is taken 
np in ether, dried in contact with potassium hydroxide, and the solvent 
evaporated. The residual amine is subjected to a further treatment with 
methyl iodide in order to complete the conversion into tertiary amine. The 
amine is finally purified through its picrate. The purified amine distils at 1 85® . 

Preparation of Ethyl-^-naphthylamine. — ^-iSTaphthylamine (20 g.), ethyl 
iodide (33 g.), and a solution of 40 g. of sodium carbonate in 500 c.c. of water 
are heated together imder reflux for 3 hours. The oily amine is then taken 
up in ether, the ethereal solution dried over potash, and the ethyl-j8-naphthyl- 


powdered ^-naph ^ ^ ^ ^ 

is heated in closed vessels at 120° for 7 — 8 hours with 85 g. of ethyl iodide. 
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The oil restilting from the reaction is dried in contact with solid caustic soda 
and then fractionated. Diethyl-jS-naphthylamine is collected at 310 — 312°/ 
764 mm. (Morgan, J., 1900, 77, 823). 

Prepar^ion of Diinethyl-o-hroiiianiline. — ^Tliis amine is obtained by heating 
a mixture of 17g. of o-bromaniline, 37 g. of sodium carbonate, 430 c.c. of water, 
and 50 g. of methyl iodide under reflux for 20 hours. The crude product is 
driven over by a current of steam and removed from the distillate by ether. 
After removing the solvent the residual mixture of amines is mixed with acetic 
anhydride to convert the secondary and any primary amines into acetyl 
derivatives. After keeping for a few hours the mixture is distilled in steam 
and then sodium carbonate added. The pure tertiary amine passes over and 
is separated from the distillate by means of ether. After the usual operations 
of washing and drying it is distilled under reduced pressure. Pure dimethyl 
o-bromaniline is collected at 107 — 108° /14 mm. (Auwers, Ber,, 1907, 40 , 
25S0, footnote). 

Preparation of Ethyl- a-naphthylamine. — ^A solution of 85 g. of ethyl bromide 
in 80 c.c. of alcohol is added to a boiling solution of 100 g. of a-naphthylamine 
in 240 c.c. of alcohol. A crystalline precipitate of ethyl- a-naphthylamine 
hydrobromide is slowly produced. When the reaction is complete, the precipit- 
ate is collected and treated with an excess of aqueous potash. The ethyl-a- 
naphthylamine thus liberated distils at 191° /1 6 mm. as a colourless oil which 
darkens on exposure to air (Morgan and Micklethwait, J., 1907, 91 , 1516). 

The above methods can be employed for the preparation of 
secondary amines, hnt it is usually necessary, except in special 
circumstances, to isolate the secondary amine through its nitros- 
amine; reduction of the nitrosamine with tin and hydrochloric 
acid or fission by the action of hot acids (see p. 327) yields the pure 
secondary amine. This can be avoided and the yield of secondary 
amine materially increased by taking advantage of the fact that 
the metal derivatives of many substituted amides of the type 
R*C0*NHR react with alkyl halides. The product of the alkylation 
yields the required secondary amine on hydrolysis. 

R-CO-NHR' — > R-CO-NR'Na — ^ R-CO-NR'R" — >■ 

R-COgH + NHR'R" 

Eor this purpose acetanilide and its homologues are suitable, while 
the formyl derivatives of primary arylamines have also been used. 
Arylsulphonyl derivatives of primary amines have also been employed 
for this purpose. 

Preparation of Methylaniline . — ^A solution of 100 g. of acetanilide in 600 c.c. 
of xylene (dried in contact with, sodium) is treated with 25 g. of sodium wire 
and then heated for 2 or 3 hours in an oil-bath at 130°. Hydrogen is evolved 
and the acetanilide is converted into the sodiiim salt — a dazzling white spongy 
mass which appears to fill the whole vessel. After cooling, somewhat more 
than the necessary amount of methyl iodide (calculated on the sodium) is 
added. The reaction proceeds spontaneously and is completed by warming 
gently. The greater part of the xylene is then distilled ofl and the residue 
boiled for 8 — 12 hours with alcoholic potash. The alcohol is then removed 
by <^tillation, the residue acidified, and the remainder of the xylene distilled 
oS in st^m. The solution remaining in the flask is then rendered alkaline 
and distilled in steam. Methylaniline passes over and is recovered from the 
distillate by ether. After the usual operations of Hry i-ng and removal of the 
solvent the r^idue is distilled. Methylaniline is collected at 190 — 192° 
(P. Hepp., Ber., 1877, 10, 328). 
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The following general conditions are given by Pictet and Grepieux 
{Ber.y 1888, 21, 1107) for the use of formanilide in the preparation 
of secondary amines. 

A mixture of equimolecular proportions of formanilide and the alkyl bromide 
is treated -with one molecular proportion of alcoholic potash. A vigorous 
reaction often sets in at room temperature and is completed by warming. 
When complete, the alcoholic solution is filtered from suspended potassium 
salt and the alcohol distilled oflc. The residual formyl derivative is then 
distilled. Hydrolysis by means of acid or alkali yields the required secondary 
amine. 

Preparation of Dimethylcfhylenediam ine. — ^Ethylenedibenzenesulphonamide 
(100 g.), prepared from benzenesulphonamide and ethylene dibromide (Hins- 
berg and Simpler, Annalen, IS 95, 287, 222), is heated under reflux with a 
slight excess of aqueous alkali, 90 g. of methyl iodide, and 50 g. of alcohol. 
After about 1 hour the alcohol is distilled ofl, the residue warmed with dilute 
alkali, and washed with water. Dibenzenesulphonyl derivative of dimethyl- 
ethylenediamine remains as a white crystalline, crumbly mass. It separates 
from hot water as white needles, m. p.Tsl®. 

It is hydrolysed by heating with concentrated hydrochloric acid in sealed 
tubes at 160=. The acid solution result^ from this treatment is evaporated 
to dryness and then distilled with alkali. The base passes over at 119°, and 
is an oily liquid which readily abstracts carbon dioxide from the air (Schneider. 
Her., 1895, 28, 3074). 

Preparation of M ethyl- ^’imphthylamine, — The benzenesulphonyl derivative 
of jS-naphthylamine is dissolved in the calculated amount of iV-caustic soda 
and shaken with somewhat more than the theoretical amount of dimethyl 
sulphate. ^“Xaphthylmethylbenzenesulphonamide separates out in almost 
theoretical yield, m.p. 107°. 

It is hydrolysed by heating 120 g, of the sulphonamide in 100 c.c. of acetic 
acid with ^275 c.c. of concentrated hydrochloric acid for 5 — 6 hours in an auto- 
clave at 150 — 160°. The resulting solution is boiled with decolorising charcoal, 
filtered, and then made alkaline with caustic soda. The oil which separates 
is taken up in ether, the ethereal solution dried and distilled. Methyl-/S- 
naphthylamine is collected as a viscous oil, b. p. 165 — 170°/12 mm. — ^yield 
about 70% of theory (Pschorr and Karo, Per,, 1906, 39, 3140). 

Preparation of M^yl~m.-nitraniline. — p-Toluenesulphonyl m-nitraniline 
(22 g.) dissolved in 100 c.c. of alcohol containing 7 g. of sodium hj^droxide 
is heated under reflux and 20 g, of methyl iodide are added gradually. After 
13 hours, the alcohol is distilled oS and the residue extracted with dilute 
aqueous sodium hydroxide to remove unchanged toluene sulphonyl derivative. 
The insoluble material is collected by filtration, washed with water, and then 
crystallised from alcohol. The pure p-toluenesulphonyl derivative of m- 
nitromethylamline is thus obtained, m. p. 114°. It is hydrolysed to methyl- 
m-nitraniline by heating with 70% sulphuric acid (Morgan and Micklethwait, 
J., 1912, 101, 145). 

Another method of preparing bomologues of methylaniline 
consists in beating the appropriate alkyl baSde with a large excess 
of the arylamine, and removing the excess remaining after the 
reaction by precipitation with aqueous zinc chloride. This process 
has been appKed to the preparation of a number of alkylardlines 
with quite satisfactory results (Hickiabottom, J., 1930, 992). It 
has also been applied to the preparation of alkylanCines with 
tertiary alkyl groups (Hickinbottom, J., 1933, 946). 

Preparation of n-Propylaniline. — ^Aniline (230 g.; mols.) is heated with 
n-propyi bro^de (1 mol.) under reflux in a boiling water-bath for 6 hours. 
The product is rendered Alkaline, the a mi nes are separated and treated with 
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a solution of 150 g. of zinc chloride in 150 c.c. of water. The mixture, when 
cooled and stirred, is rapidly converted into a thick paste which, after 12 hours, 
is drained on a large Buchner funnel, washed with cold water, and pressed to 
remove as much of the water as possible. It is then extracted several times 
under reflux with boiling light petroleum. The extracts are combined with 
the petroleum extract of the aqueous washings of the zinc chloride, washed 
with water, and dried in contact with solid potassium carbonate. Removal 
of the solvent leaves crude n-propylaniline, which after two fractionations is 
obtained almost pure, b. p. 218 — 222 ° — ^yield 94 g. ; 70% of theory. A further 
quantity (10 g.) is collected between 222° and 230°, and contains appreciable 
amounts of dipropylaniline. 

If necessary, the main fraction may be further purified by crystallisation 
of the hydrochloride from benzene or through its acetyl derivative. 

In the preparation of higher alkyl anilines (from amyl upwards) some of 
the excess of aniline may be removed by careful fractionation, and the re- 
mainder by treatment with zinc chloride. 

The alkylation of amines can be also effected by the nse of dialkyl 
sulphates. This procedure, however, is generaUy confined to the 
use of the commercially available dimethyl sulphate. Alkylation 
using these reagents can he brought about either in a indifferent 
solvent or in presence of aqueous alkali (UUmann and Wenner, 
Ber., 1900, 33, 2476). It is more usual to employ aqueous alkali 
in conjunction with dimethyl sulphate. The dialkyl sulphates 
may he replaced by aryl sulphonyl esters (Ullmann and Wenner, 
AnTialen, 1903, 327, 120; Eoldi, Ber., 1922, 55, 1535; Ferns and 
Lapworth, 1912, 101, 281). 

Preparation of Dimethylaniline . — Methylaniline (53 g.) and the methyl 
ester of p-toluenesulphordc acid (93 g.) are heated together in acetone (100 c.c.). 
Trimethylphenylammonium-p-toluenesulphonate separates out in brilliant 
hygroscopic scales, m. p. 159° — ^yield 40 g. 

The mother-liquor from the filtration of the quaternary ammonium salt 
is evaporated and then made alkaline. Dimethylaniline separates, and is 
isolated by steam distillation — ^yield 40 g. (Foldi, loc. cit,). 

On an industrial scale, use is made of the fact that the alcohols 
react with the salts of primary amines at about 200° to furnish 
mono- and di-alkylarylamines. Thus in the industrial preparation 
of methylaniline, a mixture of aniline hydrochloride (55 parts) 
and methyl alcohol (16 parts) is heated at 180°. For the prepar- 
ation of dimethylanilme, aniline and methyl alcohol are mixed in 
the proportion of 80 : 78, 8 parts of sulphuric acid added, and then 
heated in an autoclave at 235°. On a smaller scale, the sulphuric 
or hydrochloric acid may be replaced by other catalysts such as 
iodine. IMixtures of copper powder and sodium bromide or of 
copper haMes and sodium halides are even more efficient catalysts 
(Hill and Donleavy, J. Ind. E'^. Chem,, 1921, 13, 504; T. B. 
Johnson, Hill, and Donleavy, ibid,, 1920, 12, 636). 

The preparation of secondary amines can be effected by reducing 
azomethines. 

B-CHim + 2H — > E-CHg-KHR 

The reduction can be achieved electrolyticaUy (Law, J., 1912, 
101, 154) ; with 2 dnc dust and aqueous alkali (Morgan, E.P. 102,834) ; 
witJi sodium and alcohol or with formic acid (Wallach, Hiittner, 
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and Altenburg, Arnialen, 1905, M3, 54; IsMzaka, Ber., 1914, 47, 
2456). 

Another interesting method consists in treating an azomethine 
■with a suitable al^l iodide. When the addition of the alkyl hahde 
is complete, the addition of water or alcohol liberates the required 
secondary amine and the aldehyde (Decker and Becker, Annalen, 
1913, 395, 362; Hamilton and Eobinson, J., 1916, 109, 1033). 

e-ch:ne' - k R''i — > k-ch:ne'R"i ^ r-cho + r'R"nh,hi 

(4) Arylation of Primary and Secondary Amines . — ^The introduc- 
tion of an aryl group is usually accompanied with, some difficulty 
owing to the*^ stability of the halogen of the aryl group. Thus 
chloro- and bromo -benzene do not react with aniline under con- 
ditions comparable with those employed for the preparation of 
ethylaniline. The reaction, however, is facilitated by the presence 
of copper bronze or of cuprous iodide (Goldberg, Ber.^ 1906, 39, 
1691 ; 1907, 40, 4541 ; D.R.-P. 185,663 : 187,870). 

Preparation of o-2s itrod;iphenylamine. — o-Xitraniline (3 g.), finely powdered 
potassium carbonate (1 g.), bromobenzene (12 c.c.), and a trace of cuprous 
iodide are heated together over a bare fl.anie for 1 2 hours. The excess of bromo- 
benzene is then removed by steam distillation, leaving a reddish oil, which, 
after treatment with warm hydrochloric acid to dissolve xmchanged nitraniline, 
solidifies. The o-nitrodiphenylamine thus obtained is collected by filtration 
and crystallised from alcohol. It separates from this solvent as orange plate- 
lets, m. p. 75° (Goldberg, 1907, 40, 4545). 

Preparation of Diphenylamine* — Acetanilide (10 g.), finely -powdered potass- 
ium carbonate (5 g.), bromobenzene (20 g.), and some cuprous iodide are 
heated together in boiling nitrobenzene for 15 hours. The solvent and excess 
of bromobenzene are removed by steam distillation. A dark oil remains in 
the fiask. It is taken up in ether, filtered, dried, and the solvent evaporated. 
Crude aeetyldiphenylamine is thus obtained, m. p. 102° after crystallisation 
from alcohol. 

It is hydrolysed by heating it under refiux with a mixture of 30 c.c, of 
concentrated hydrochloric acid and 30 c.c. of alcohol for 3 hours. The alcohol 
is then distilled off and the diphenylamine isolated by steam distillation of the 
remaining solution — ^yield 7-5 g. (^Idberg, loc. cit., p. 4543). 

Preparation of Phenylanthranilic acid. — ^Anthramlie acid (2 g.), bromo- 
benzene (3*2 g.), potassium carbonate (2 g.), and about 0*1 g. of copper bronze 
are heated together in 12 c.c. of boiling nitrobenzene for 3 hours. After 
removing the solvent by steam distillation the residue is acidified. Phenyl- 
anthranilic acid separates — ^yield 3 g. It is purified by crystallisation from 
benzene, m. p. 181° (Gk)ldberg, Ber., 1906, 39, 1691). 

In contrast to the behaviour of bromo- and chloro-benzenes, 
2 : 4-dinitrocIilorobenzene and the corresponding bromo-compound 
react readily with primary and secondary amines without the aid 
of a catalyst. The products thus formed are generally crystalline, 
and are used for the characterisation and identification of primary 
and secondary amines. 

Preparation of 2 ; 4i~Dinitrodipli€^ylamine. — Equi-moleeular proportions of 
aniline and 2 : 4-dinitrochlorobenzene are warmed together in a water-bath 
for a few minutes. On cooling, dinitrodiphenylamine is obtained as a bright 
red crystaUme mass, m. p. 155 — 156° after crystallisation from alcohol. 

Other primary aromatic amines, such as the homologues of aniline, amino- 
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phenols, and diamines, behave s^ilarly. The reaction may conveniently 
be carried out in alcoholic solution or in the presence of sodium acetate 
(Willgerodt, Ber., 1876, 9, 977; Nietzki and Ernst, ibid,, 1890, 23, 1852; 
B-eitzenstein, 3 ?r. Chem,, 1903, [ii], 68, 251; Meigen, ibid., 1908, [ii], 77, 
472; Sehopff,Ber., 1889, _22, 900). 

Breparation of 2 : 4:-‘Dinitropropylaniline. — A slight excess of an alcoholic 
solution of propylamine is added to an alcoholic solution of 2 : 4-dinitro- 
bromobenzene and the mixture warmed in a water-bath. On cooling or on 
adding water, dinitropropylaniline separates as yellow needles, m. p. 95°. 

Other aliphatic amines react similarly (Bomburgh, Bee. trav, chim.y 1885, 
4, 189). 

(5) Reaction of Tertiary Amines with Alkyl Halides : Formation 
of Quaternary Ammonium Salts. — ^Tertiary amines combine ad- 
ditively wth alkyl iodides to furnish quaternary ammonium salts. 
The general method of preparation is to mix the requisite com- 
ponents, sometimes diluted with a suitable solvent. The combina- 
tion may take place at room temperature or it may be necessary 

bn bftfl.t thft Tni"5^,nrft- 

R'R^RN 4- RHal R^R'RRNHal. 

The aJkyl halide may be replaced by dialkyl sulphates or the 
alkyl esters of arylsulphonic acids, when the sulphate or the aryl 
sulphonate of the quaternary ammonium compound results. 

Preparation of Methyl Tripropyl Ammonium Iodide. — ^Tripropylamine is 
mixed with somewhat more than the necessary amount of methyl iodide, with 
or without the addition of dry ether.. Combination is rapid, and the quater- 
nary ammonium salt which is thus formed is purified by crystallisation from 
alcohol ether. It is obtained as glistening platelets, m. p. 207 — 208° {Pope and 
Read, <7., 1912, 101, 528). 

Preparation of Methyl Ethyl Propyl isoButylammonium Iodide. — mixture 
of ethylpropylisobutylainine with a slight excess of methyl iodide soon becomes 
turbid and deposits a yellow oil, which gradually changes to a white crystalline 
mass. It is kept in a desiccator till the reaction is complete. The resulting 
a mm onium salt is purified by crystallisation from acetone — ^m. p. 195° (Pope 
and Read, loc. cit., 523). 

Preparation of Phenyl Eimethyl Allylamynonium Iodide. — A mixture of 
dimethylaniline (48 g.) and allyl iodide (67 g.) is kept for some days, when 
the semi-solid mass which is formed is finely ground, filtered, and washed with 
a little acetone- It is purified by solution in absolute alcohol and precipitation 
with dry ether — ^m. p. 88 — 89° (Harvey, J., 1904, 86, 412). 

The formation of quaternary ammonium salts has frequently 
been used for the characterisation of tertiary amines. For this 
purpose, methyl iodide has received the widest application. Recently, 
the methyl ester of p-toluenesulphonic acid has been recommended 
as a general reagent for this purpose (Marvel, Scott, and Amstutz, 
J. Amer. Chem. Soc., 1929, 51, 3638). The following general 
procedure is recommended for the preparation of the quaternary 
arnmoniiim ^-toluenesulphonates. 

The amine (1 g.) is heated with 2 — 3 g. of methyl ester of ^s-toluenesulphonic 
acid in 10 c.c. of dry boiling benzene for | hour. After cooling, the salt is 
filtered ofi and purified by crystallisation from alcohol or ethyl acetate. 

Not only do alkyl halides and esters of arylsulphonic acids react 
with tei^ary amines to form quaternary ammonium salts, but 
iodoaoetic esters can yield similar compounds with some amines ; 
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benzyl piperidine, aliphatic tertiary amines, and quinoline appear 
to react most readily. co-!Bromoacetophenone has been shown 
in a few instances to behave similarly. 

Preparation of Cai^ethoxyniethyl Triethyl Ammonium Iodide. 

EtOgC-CHs-XEts-I. 

— ^Triethylamine {4 g.) and iodoacetic ester (7-9 g.) are mixed at room 
temperature. After keeping for some time a transparent crystalline mass is 
formed which afier several crystallisations from acetone furnishes pur© 
carbethoxvmethvl triethvl ammonium iodide — brilliant prisms, m. p. 138 — 
139^ (E. Wedekmd, Anmilen, 1901, 318, 104). 

The ease of formation of quaternary ammonium salts is dependent 
on the constitution of the reactants. This is illustrated by the 
following table, which gives the velocity constants for the reaction 
of allyl bromide with tertiary amines at 40°, 


Dimethylaniline . 

1-03 

Methylpropylaniline . 

0-48 

Methylethylaniliae 

0-71 

Pyridine .... 

0-43 

Diethylaniline 

0*094 

Quinoline .... 

0-063 

Benzylmethylaniline 

0-123 

fdoQuinoline 

0-485 

Dimethyl-o-toluidine . 

0-057 

2 -lilethyl quinoline 

0-035 

Dimethyl-m-toluidine . 

1*54 

Methyltetrahydroquinoline . 

0-413 


Dimethyl- j3-toluidine . 2*80 

(E. R. Thomas, 1913, 103, 595; compare Mensehutkin, Rer., 1895, 28, 
1398; 1897, 30, 2775, 2966; 1905, 38, 2465; Wedekind, Annalenj 1901, 318, 
90; Bar., 1899, 32, 511.) 

The following table gives the ratio of the velocity constants for 
the reaction of some alkyl iodides with dimethylaniline and triiso- 
amylamine at 40°. 



Dimethylaniline . 

Triz^oamy lamine . 

AUvl iodide .... 

362 

295 

Methyl iodide .... 

48 

327 

Ethyl iodide , . . . i 

3 

4 

«,-Propyl iodide 

1 

1 


(R. W. D. Preston and H. O. Jones, J., 1912, 101, 1931.) 


The retarding eiBfect of substituents adjacent to the amino-group 
is seen from a comparison of the values for dimethyl-, o-, w-, and 
p-toluidines and for quinoline and t'soquinohne. The effect is still 
more marked if there are two substituents in the ortho position. 
Thus the tertiary amines (III) and (IV) do not react with methyl 
iodide at 100°, although isomeric amines having other configurations 
form quaternary ammonium salts comparatively easily (E. Fischer 
and Windaus, Ber.^ 1900, 33, 1967). 



NMeo 

CH/^CHg 

X 

(V.) 


CH/XcHa 

CH. 

(VI.) 
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Dimethylmesidine (V) and dimethylaminopentamethylbenzene (VI) 
similarly do not yield quaternary ammonium salts (Hofmann 
Ber., 1885, 18, 1824; 1872, 5, 718). 

(c) DegradatioTi of Amines, 

One of the early methods for carrying out this change consisted 
in heating the dry halogen hydride salt of an alkylamine. By 
selecting suitable conditions — depending largely on the substance 
under investigation — ^it is possible to split off one or more of the 
alkyls and to convert a tertiary amine successively into a secondary, 
a primary amine, and finally to ammonia (Hofmann, Proc. Soy. 
Soc., 1860, 10, 595). Thus trimethylamine hydrochloride heated 
at 285^^ yields dimethylamine hydrochloride, methyl chloride, and 
trimethylamine. At higher temperatures the product may contain 
methylamine or ammonium chloride, while methyl chloride is 
evolved (Vincent, Compt. rend., 1877, 85, 667 ; compare ibid., 1877, 
84, 1139). This method does not appear to have received any 
notable application to the higher alkylamines. It has been applied 
more widely to the alkyl arylamines. Thus methylaniline, heated 
in a gentle stream of hydrogen chloride, yelds aniline hydrochloride 
and methyl chloride. Tribenzylamine behaves similarly (Lauth, 
CompL rend., 1873, 76, 1209; compare StMel, Ber., 1886, 19, 
1947). Distillation of dimethylanilme hydrochloride yields methyl 
chloride, aniline hydrochloride, and methylaniline. It has recently 
been shown that the monoalkylaniline hydrobromides, from ethyl 
to ^5oamyl, decompose smoothly on heating at between 250° and 
300° with the elimination of the alkyl group as a mixture of olefin 
and alkyl bromide. Under these conditions a relatively small 
amount of the alkyl group migrates to the nucleus with the formation 
of a pam-substituted aminoalkylbenzene (Hickinbottom and Ryder, 
J., 1931, 1281), If the heating is effected in closed vessels so that 
the products of the decomposition cannot escape, the yield of the 
p-aminoalkylbenzene is increased at the expense of volatile products. 
This constitutes the rearrangement first observed by Hofmann 
{Ber., 1872, 5, 704, 720; 1874, 7, 526). Accounts of other con- 
ditions for effecting this rearrangement and a discussion of the 
nature of the reactions involved are to be found in the following 
papers : Reilly and Hickinbottom, J., 1920, 117, 103 ; Hickin- 
bottom, ibid., 1927, 64; Hickinbottom and Waine, ibid., 1930, 
1558; Hickinbottom and Preston, ibid., p. 1566; Hickinbottom, 
ibid., 1932, 2396; 1934, 1700. 

Alkylanilines with tertiary alkyl groups lose the alkyl group 
comparatively readily; heating with aqueous mineral acids at 
110—140° for several hours is usually sufficient to bring about an 
extensive elimination of the alkyl group (Hickinbottom, J., 1933, 
1070; compare Nature, 1933, 131, 762). 

An interestmg application of the decomposition of amine salts 
is found in the preparation of olefins and particularly of dienes by 
heating the phosphate (Harries, Ber., 1901, 34, 300; Annalen, 
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1903, 328, 322 : Harries and Antoni, ibid., p. 105 ; Harries and de 
Osa, Ber., 1903, 36, 2997: Harries and M. Johnson, ibid,, 1905, 
38, 1832). By this method v-amino-a-phenylbutane furnishes a 
mixture of phenylbutenes ; diaminomethylpentane yields methyl- 
pentadiene ; 1 : S-diaminocycIohexane gives 1 : 3-c^citohexadiene. 

The method has also been used for the preparation of some 
menthadienes. 

Another type of degradation results in the formation of nitros- 
amines from tertiary amines by the action of tetranitromethane 
(Erich Schmidt and Heinrich Fischer, Ber,, 1920, 53, 1537 ; Schmidt 
and Schumacher, ibid., 1921, 54, 1414). 

(P.GH2)3X ^ C(XOo)4 — > (R-CH2)2X*X0 + R'GHO + GH(N02)3 

Dialkyl arylamines react best with the tetranitromethane in presence 
of pyridine ; aliphatic amines in acetic acid solution. The following 
general procedure is recommended for the conversion of dialkyl 
arylamines. 

Tetranitromethane (1*1 mol. proportions) is slowly added to a solution of 
1 mol. proportion of the amine and 1*2 — 1-5 mol. proportions of pyridine in 
alcohol. After the addition of all the tetranitromethane, the solution is heated 
in a- water-bath till the odour of tetranitromethane has disappeared. It is 
then mixed with water (100 c.c. for every 10 g. of amine), an equal volume of 
saturated salt solution added, and the mixture extracted with ether. The 
ethereal extracts are combined, washed with saturated salt solution, then with 
carbonate solution, and finally steam distilled. The rdtrosamine is extracted 
from the distillate with ether, the ethereal solution dried, and the nitrosamine 
recovered by evaporation of the solv'ent. It may be purified by distillation 
under reduced pressure. By this method 10 g. of dimethylaniline yielded 
7*2 g. of methylphenylnitrosamine. The process has been shown to be ap- 
plicable to a number of halogen-substituted dialkyl anilines. 

The following is recommended for the conversion of alipbatio 
tertiary amines to the nitrosamines of the corresponding secondary 
amines. 

An alcoholic solution of 1 mol. proportion of the tertiary amine and 2 mol. 
proportions of acetic acid is heated in a sealed tube for 3 hours with 1*1 mol. 
proportions of tetranitromethane. Considerable pressure develops in the 
tube, and caution is required not only in opening it, but also in limiting the 
quantity of the mixture in the tube. "When the reaction is complete, the 
contents of the tube are poured into a separating funnel containing caustic 
potash solution (20 c.c. of 33% potash solution diluted with 100 c.c. of water 
for every 10 g. of tertiary amine). After shaking the mixture and adding 
saturated salt solution it is extracted with ether. The ethereal extracts are 
combined, washed with water, and then shaken mechanically with dilute 
sulphuric acid (10 c.c. of 3xV'-sulphuric acid diluted to 60 c.c. with water). 
The ethereal solution is dried in contact with anhydrous sodium sulphate and 
the solvent evaporated. 

By this procedure 7*2 g. of tripropylamine, 6-1 g. of acetic acid, and 10-8 g. 
of tetranitromethane in 50 c.c. of alcohol gave 6 g. of dipropylnitrosamine, 
b. p. 59 — 6I°/1*5 mm. 

Nitric acid has a similar action on dialkyl arylamines if the 
conditions are snitahle. This reaction is dealt with more fiilly on 
p. 290. 
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A method of less general application depends on the action of 
hypochloroTis acid or chlorine in aqueous solution on ahphatic 
tertiary amines or on cyclic amines such as tropidine (Willstatter 
and Iglauer, 1900, 33, 1636; Meisenheimer, ibid., 1913, 46 
1148). 

According to Meisenheimer the reaction proceeds as follows : 

R 3 N BglSrCla — R 2 NCI + HCl + R'-CHO 

Cyanogen bromide has been found to be a useful reagent for the 
removal of one alkyl group from tertiary amines. The reaction 
proceeds according to the equation (v. Braun, Ber., 1900, 33, 1438, 
2730; 1902, 35, 1279; 1907, 40, 3933) : 

E'RN-Alk + CNBr R'EN-CN + AlkBr 


Its apphcation is illustrated by the following example : 

Preparation oj Methyl Cmnidine from Dimethyl Cumidine . — Dimethyl cumi- 
din© (11*0 g.) is mixed with cyanogen bromide (7*5 g.) and shaken frequently 
at room temperature- The mass becomes fluid and assumes a yellow colour. 
After keeping at room temperature for some time, the methyl bromide and 
excess of cyanogen bromide are distilled off. Ether is added to the residue 
to precipitate the quaternary ammoniiun salt which has been formed by the 
action of the liberated methyl bromide on unchanged tertiary amine. The 
ethereal solution on fractionation yields the nitrile — b. p. 165°/10 mm. — ^yield 
36% of theory. The cyanamide thus obtained is hydrolysed by heating with 
30% sulphuric acid for 2 — 3 hours. The addition of an excess of aqueous 
alkkli liberates ammonia and methyl cumidine, b. p. Ill — 112°/ 11 mm. 
(Sachs and Weigert, J5er., 1907, 40 , 4356). 


Tertiary amines derived from piperidine, tetrahydroquinoline, and 
dibydxozdoindole may yield the normal cyanamide, or the ring may 
be opened (v. Braun, Ber,, 1900, 33, 2734; 1907, 40, 3914; 1909, 
42, 2035, 2219; 1910, 43, 1353). 

A more satisfactory method for opening the ring of such cyclic 
amines consists in heating the benzoyl derivatives with phosphorus 
p en^ chloride. Thus benzoylpiperidine (VII) yields successively 
(VIll), which can be hydrolysed to benzoylamino-e-chloropentane 
(X), and dichloropentane (IX). 


CH 2 C1CH2-(CH2)3-CH2-NH-C0-Ph (X.) 

^ ^ aCH2-(CH2)3-CH2-N:C(Cl)-P]i — > 

CH 2 C1CH3-(CH2)3-CH2C1 + PhCN 

(vn.) (IX.) 

COPh 


The benzoyl derivatives of tetrahydroquinoline, coniine, p 37 rrolidine, 
and methyldihydroindole behave similarly (v. Braun, £er., 1904, 
37 , 2812, 3210; 1905, 38, 179; Brann and SteindorfiF, ibid., 1904, 
37 , 4681 ; Braun and Beschke, ibid., 1906, 39 , 4119 ; Braun and 
Schmitz, ibid., p. 4365). 
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Preparation of Benzoyl-^-cJdoroajnylumine . — mixture of equimolecular 
proportions of benzoylpiperidine and phosphorus pentachloride is^ heated 
over a free flame in a round-bottomed flask fitted with a calcium chloride tube 
and a reflux condenser. When all the chloride has dissolved and the first 
\figorous reaction is over, the liquid is kept at boiling point for J hour. It is 
then cooled, ice-water added, the greater part of the free ac-id neutralised, and 
finally distilled in steam. A small amount of benzonitrile and dichloropentane 
passes over. The non-volatile oil in the flask slowly solidifies. It is purified 
by draining on a tile and subsequently triturating with petroleum ether to 
remove some tarry matter. WTien dry it is distilled. Benzoyl-e-chloroamyl- 
amine passes over at 220 — 240° as a yellow oil which solidifies. It separates 
from aqueous alcohol as a crv'stalline powder, m. p. 66° (Braun and Steindorfi, 
Per,, 1905, 38, 2336). 

Preparation of a€-Dickloro pentane. — ^Equimolecular proportions of phos- 
phorus pentachloride and benzoylpiperidine are heated together in an obliquely 
placed fractionating flask. "^^Tien all the solid has dissolved, the flask is changed 
to its normal position and the mixture distilled. Considerable fractions are 
collected at 100 — 110° and 170 — 185°, while a black tarry residue remains 
in the flask. The distillate is poured on ice and the dichloropentane and benzo- 
nitrile formed in the reaction are driven over by distillation in steam. The 
distillate is extracted with ether, the solvent removed from the extract, and 
the residue heated with concentrated hydrochloric acid till all the benzonitrile 
is hydrolysed. Dichloropentane is isolated from the hydrolysis mixture by 
steam distillation and separated from the distillate by means of ether. The 
ethereal solution is washed with alkali and water, dried, and distilled. Pure 
a€-dichloropentane is collected at 79 — 80/21 mm. — ^yield 75 — 80% of theory. 

■ An alternative metliod for the rupture of the ring of cyclic 
amines is described under the reactions of quaternary ammonium 
compounds. 

(d) Oxidation of Amines. 

By the oxidation of primary amines a large variety of products 
can be obtained, depending on the experimental conditions. From 
tertiary amines, however, the products are comparatively simple, 
nearly aU of them ^delding oxides by the action of neutral aqueous 
hydrogen peroxide. 

R3N -f H2O2 — ^ RsNIO + H2O 

(Dunstan and Goulding, J., 1899, 75, 1004; Bamberger and 
Tschirner, Ber., 1899, 32, 342, 1882; Bamberger and Leyden, 
ibid., 1901, 34, 16). 

Preparation of Trimethylamine Oxide.— A jo aqueous solution of trimethyl- 
amine (100 c.e. of 33% sol.) is mixed with 600 c.c. of pure hydrogen peroxide 
solution (3%). If the odour of the amine still persists after keeping for 24 
hours at room temperature, a further amount of hydrogen peroxide solution 
(100 — 200 c.e.) should be added. When all the amine has been oxidised, the 
solution is evaporated under reduced pressure and the residue crystallised from 
ether-alcohol. The product is the hydrate of trimethylamine oxide, 
(CH3)3N:0,2H20. It forms long needles, m. p. 96° — ^jfield up to 95%. 

It is dehydrated by heating in an oil-bath at 120° imder a pressure of 10 — 12 
mm. and then slowly raising the temperature to 150°. "tV^en the water has 
been driven off, the temperature is raised to 180 — 200° The pure anhydrous 
amine oxide then sublimes on to the cooler parts of the flask. It is extremely 
hydroscopic (Dunstan and Goulding, loe. cit.; Meisenheimer, Annalen, 1915, 
397, 286). 
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Prepai'ation of Methyl Ethyl Propylamuie Oxide . — ^Methyl ethyl propyl, 
amine (10 g.) is shaken mechanically with 60 c.c. of 10% pure aqueous hydrogen 
peroxide, the stopper being loosened at intervals to liberate the free "oxygen. 
The amine dissolves after several hours. The solution is then extracted 
several times with ether after placing platinum wire in it to decompose the 
excess of unchanged hydrogen peroxide. The aqueous solution is evaporated 
at 30 — 40° under reduced pressure. Treatment of the syrupy residue with a 
cold aqueous saturated solution of picric acid precipitates the picrate, which 
after crystallisation from water or from alcohol is obtained as dark yellow 
crystalline grains, m. p. 106 — 107° (Meisenheimer, Annalen, 1922, 428 , 260). 

Preparation of Dimethylaniline Oxide . — ^Dimethylaniline (100 g.) and 2o00 
c.c. of 3% hydrogen peroxide solution (neutralised with magnesium carbonate) 
are stirred mechanically with a very efficient stirrer at 70 — 80° for 5 hours. 
The solution is evaporated to half its bulk over a free flame after filtering from 
suspended matter. The addition of a hot saturated aqueous solution of picric 
acid precipitates the picrate of dimethylaniline oxide, m. p. 137 — 138° — ^yield 
29o g. (Bamberger and Tsehirner, loc. cit.; Bamberger and Leyden, loc. cit.). 

The formation of amine oxides from dialkyl arylamines appears 
to be hindered by the presence of an alkyl group in the ortho 
position with respect to the amino-group. When both ortho posi- 
tions are occupied no amine oxide appears to be formed (Bamberger 
and Rudolf, Ber., 1906, 39, 4285). 

Amine oxides can also be prepared by the use of benzoyl hydrogen 
peroxide or almost neutral Caro’s acid (Meisenheimer, Ber., 1919, 
52, 1671; Bamberger and Rudolf, loc. cit.). The action of ozone 
on a chloroform solution of some aliphatic tertiary amines also 
yields amine oxides (W. Strecker and Thienemann, Ber., 1920, 53, 
2112; Strecker and Baltes, ibid., 1921, 54, 2701). 

Dialkylarylamines with a free jpara position, such as dimethyl- 
aniline, yield other oxidation products under suitable conditions. 
With lead peroxide or potassium permanganate in sulphuric acid 
solution the free para positions unite with the formation of tetra- 
alkyldiamino-derivatives of diphenyl. 

The oxidation of primary aromatic amines by means of Caro’s 
acid converts the amino-group into a nitroso -group. In the 
aliphatic series this reaction is complicated by the fact that the 
oxidation products are in general more sensitive than the amines. 
Thus ethylamine by treatment with Caro’s acid yields acetic acid 
as the principal product, with small amounts of nitroethane, acet- 
hydroxamic acid, acetoxime, and acetonitrile (Bamberger, Ber., 
1902, 35, 4293 ; compare Bamberger and Seligmann, ibid., p. 4299). 
The method is more satisfactory if the amino -group is attached to 
a tertiary carbon atom. Thus ier^.-butylamine and jfer^.-amylamme 
yield successively the hydroxylamine and then the nitroso-com- 
pound (Bamberger and SeHgmann, Ber., 1903, 36, 685). Aromatic 
amines are oxidised smoothly to the corresponding nitroso -com- 
pounds, 

Ph-NHg + 20 — ^ Ph-NO + HgO, 

This reaction is an important one, in that it is a convenient method 
for the preparation of nitroso-derivatives of aromatic compounds. 
Furthermore, oxidation of the nitroso-compound thus formed yields 
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a nitro-compound, and so the process has been used for the intro- 
duction of nitro-groups when the usual method of nitration is 
impracticable. 

Preparation of 2 : o-Dinitrotoliiene from o-Nitro-o-ioluidine. — -Finely- 
powdered ammoziiiim persulphate (12 g.) is added gradually to 17 g. of ice-cold 
sulphuric acid, which is stirred mechanically. The mixture is poured on 70 
g.of crushed ice, and then2-og.of finely-powdered 5-nitro-o-toluidine are added. 
After keeping for 12 hours the mixture is diluted and the precipitate of 2- 
nitroso-o-nitrotoluene collected by filtration and washed with water. 

Oxidation of the nitroso-group is effected by adding the moist substance, 
a little at a time, to an excess of fuming nitric acid heated on a water-bath. 
The heating is continued till the acid is no longer coloured. The mixture is 
then poured into water and the precipitated nitro- compound collected and 
cr\’ 3 tallised from alcohol, m. p. 50 — 51° — ^yield of crude material, m. p. 48 — 
49", is 1-4 g. (Page and Heasman, J., 1923, 123, 3241). 

Preparation of Nitrosoniesitylene from Mesidine . — A solution of 37 g. of 
ammonium persulphate in 30 c.c. of concentrated sulphuric acid is poured 
on ice (500 g.) and the solution nearly neutralised by the addition of crystalline 
sodium carbonate (150 g.). ^Ybile this solution is stirred mechanically, 
10 g. of mesidine are added, sodium carbonate solution being also added at 
frequent intervals to keep the solution faintly alkaline. After IJ- hours, the 
brown solid produced by the oxidation is collected by filtration, washed with 
dilute hydrochloric acid, and triturated with light petroleum to free it from 
gummy matter. Xitrosomesitylene remains as a white crystalline mass, which, 
after crystallisation from alcohol, is obtained as colourless crystalline plates 
melting at 122 — 123°3 5 a bluish liquid (Ingold and Piggott, J., 1924, 125, 
173). 

Preparation of 2-Chloro-S : Q-dinitrotoluene from Q^Chloro-5-niiro-o-toluidin6^ 
— ^A solution of Caro’s acid is prepared by adding 8*5 of powdered ammonium 
persulphate to 6*3 c.c. of concentrated sulphuric acid, and then pouring the 
solution after 1 hour on 17 g. of crushed ice. To this solution is added slowly 
1*7 g. of 6-ehloro-5-nitro-o-toluidine in 5*2 c.c. of concentrated sulphuric acid. 
A yellowish-grey solid commences to separate almost immediately. After 
4 days an equal bulk of water is added and the solid nitroso -compound collected 
by filtration. 

It is oxidised by adding it, small quantities at a time, to 12 c.c. of fuming 
nitric acid heated on a water-bath. When nitrous fumes cease to be evolved, 
the solution is diluted. The dinitrochlorotoluene separates as an oil which 
rapidly solidifies. It crystallises from light petroleum as colourless needles, 
m. p. 62 — 63® (Morgan and Glover, J,, 1924, 125, 1599). 

Other methods for the oxidation of the amino-group to nitroso- 
or nitro- include the use of peracetic acid (D’Ans and Kneip, Ber., 
1915, 48, 1144), aqueous sodium peroxide (O. Fischer and Trost, 
ibid., 1893, 26, 3083), acidified ammonium persulphate with a little 
silver nitrate as catalyst (0. N. Witt and Kopetschni, ibid., 1912, 
45, 1134 ; compare Meisenheimer and Hesse, Ber., 1919, 52, 1162). 

The use of other oxidising agents leads to a number of other 
types of compounds. Thus by choosing suitable conditions aniline 
yields azobenzene and azoxybenzene, phenylquinonedi-imine, 
PhNICgH 4 lNH, emeraldine, aniline-black and p-benzoquinone. By 
mild conditions of oxidation, usmg lead peroxide and acetic acid 
and an ethereal solution of the- amine, azobenzene and phenyl- 
quinonedi-imine are formed (S. Goldschmidt, Ber., 1920, 53, 28). 
The experimental evidence at present available appears to indicate 
that the polymerisation of phenylquinonedi-imine or its reaction 
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with, unchanged aniline may account for the occurrence of many of 
the complex products of the oxidation of aniline — such as emeraldine 
and aniline-black (Willstatter and C. W. Moore, Ber., 1907, 40, 
2665 ; Majima and Aoki, Ber,, 1911, 44, 3081 ; S. Goldschmidt and 
Wurschmitt, ibid.y 1922, 55, 3220). It appears that the pro- 
duction of ^p-benzoquinone by the oxidation of aniline with chromic 
acid in aqueous solutions is preceded by the formation of anihne- 
black. (For views on the structure of aniline-black, the following 
papers should be consulted : Willstatter and Dorogi, Ber,, 1909 
42, 2147, 4118; Green and S. Wolff, ibid., 1911, 44, 2571; Green 
and Woodhead, 1910, 97, 2388; 1912, 101, 1117; Ber., 1912, 
45, 1955). Actually, oxidation of aniline-black by dichromate and 
diluted sulphuric acid yields about 85% of the theoretical amount 
of ^-benzoquinone ; by oxidation with lead peroxide and sulphuric 
acid a 95% yield of p-benzoquinone is obtained. 

Preparation of p-Benzoquinone . — solution of 25 g. of aniline in a mixtuie 
of 200 g. of concentrated sulphuric acid and 750 c.c. of water is cooled 
by an external bath of ice and stirred mechanically-. A solution of 25 g. of 
sodium dichromate in 100 c.c. of water is added slowly over a period of an hour, 
the temperature being kept below 10°. The mixture is kept over-night in a 
cool place, and then a solution of 50 g. of sodium dichromate in water is added 
gradually. The precipitate of aniline-black which has separated during the 
first part of the oxidation gradually dissolves with the production of a deep 
brown solution. About 4 — 5 hours after the final addition of the dichromate 
the solution is extracted three or four times with ether. The ethereal solution 
is dried in contact with anhydrous magnesium sulphate and the solvent dis- 
tilled ofi. The residue of crude p-benzoquinone is purified by distillation in 
a current of steam. It is obtained as golden-yellow needles, m. p. 116°. 

This method can be applied to the preparation of the homologues 
of j?-benzoqTiinone. Thus o- or m-toluidine yield jp-toluquinone ; 
p-xylidine furnishes ^-xyloquinone (Goldschmidt and Schmid, Ber., 
1885, 18, 568; Nietski, Anndlen, 1882, 215, 158). Some amines 
with methyl groups para to the amino-group undergo oxidation 
with the ehmination of the pam-methyl to yield p-quinones. Thus 
mesidine yields 2 : 6-dimethyl-^-benzoqumone, 4^-cumidine yields 
p-xyloquinone (Nolting and T. Baumann, Ber., 1885, 18, 1150; 
compare Heymanns and Konigs, ibid., 1887, 20, 2395). 

(e) Action of Nitrous Acid. 

The product of the reaction of amines with aqueous solutions of 
nitrous acid is determined largely by the type of amine, and the 
reaction is extensively used for the differentiation of amines. 
Secondary amines yield nitrosamines (iv). Tertiary amines undergo 
no reaction at the amino -group ; but most of those containing an 
aryl ^oup with an unsubstituted para position undergo nuclear 
substitution. The type of product from primary amines depends 
on "the nature of the grouping attached to the primary amino- 
^oup. Aliphatic amines furnish, in the simplest cases, nitrogen 
and a hydroxy-compound (i), wMch latter may also yield other 
substances derived from it by rearrangement or dehydration. 
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Aromatic primary amines and many heterocyclic amino- compounds 
of the aromatic t^-^ peld diazonlum salts (ii). a- Amino fatty 
esters and some a-keto-a mines ;^deld diazo-compounds (iii). 


RR'-CH-XH, -- HXOo 
Ph-XHo-Hd - HXO.; 
R-CH(XHo)‘COoEt - HXO; 

RR'-XH - HXO.; 


RR'CH-OH + Ng + HoO (i) 

PhXoCl -f 2 H 2 O (ii) 

R-CX^-COoEt + 2 H 2 O (iii) 

RR'X*XO + HoO (iv) 


These reactions are probably preceded by the formation of the 
nitrite, which then undergoes decomposition in the directions 
indicated above; indeed, the nitrites of some amines have been 
isolated. Thus Wallach (A/malen, 1907, 353, 318) has described 
the nitrites of menthylamine, pinylamine, and m-xylidine; Xeogi 
(J., 1914, 105, 1270) has prepared the nitrites of several aliphatic 
amines. 

An interesting hypothesis to account for the production of the 
different products has been advanced by Oddo and Cesaris (Gazzetta, 
1914, 44, [ii], 209). 

(1) Primary Ambus, (a) Aliphatic Amines . — ^Aliphatic amines 
in general react with nitrous acid to give nitrogen. This appHes 
not only to methylamine and its homologues, but also to amino- 
derivatives of the poljnnethylenes, benzylamine, and similar amines 
and amino-acids. Some exceptions are discussed in section (b) 
(p. 283). The evolution of nitrogen, when a primary amine is 
treated in cold aqueous acid solution with sodium nitrite, is used 
as a test for primary ahphatic amines. It also forms the basis of 
the Van Slyke method for the estimation of amino-acids. Although 
salts of methylamine or ethylamine react with sodium nitrite in 
aqueous solution according to equation I, the products j&rom the 
higher homologues are more complex. Thus 72-propylamine gives 
nitrogen and a mixture of n- and wo-propyl alcohols and propylene 
(V. Meyer and Forster, Rer., 1876, 9, 535; Linnemann, Annalen, 
1872, 161, 44; Siersch, ibid., 1867, 144, 140). i^oButylamme fur- 
nishes butylene, ?5obutyl alcohol, and ^er^.‘butyl alcohol. The 
reaction of w-butylamine wdth nitrous acid has recently been 
examined quantitativety (Whitmore and Langlois, J. Amer. Chem. 
Soc., 1932, 54, 3441). n~ and sec.-Butyl alcohols and 7i-butene are 
the principal products, the respective yields being 25, 13, and 37 % ; 
some 72- and aec.-butyl chlorides are also formed. The higher 
aliphatic amines — as far as they have been examined — ^also furnish 
a mixture of olefin and isomeric alcohols (compare Freund and 
Lenze, Per., 1891, 24, 2150; Freund and Schonfeld, ibid., p. 3359). 
Allylamine, however, yields only nitrogen and allyl alcohol by the 
action of nitrous acid. Many primary amines containing a poly- 
methylene ring suffer a more or less partial rearrangement by the 
action of nitrous acid. In amines of the type (X) (where n = 1, 2, 
3, or 4) the ring is enlarged by the insertion of one carbon atom. 
Thus c|/ctobutane methylamine {n = 1) furnishes a mixtm*e of 
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hydroxyci/c^opentane (XI) and cycZobutane metbyl alcohol (XII) 
and Tinsaturated hydrocarbons (Demjanoff and Lnschnikoff J 
Rvss. Phys. Chem. Soc., 1903, 35, 26). This reaction has been used 
for the preparation of a higher ring system from a lower (Wallach, 
Annalen, 1907, 353, 325; Ruzicka and Brugge, Helv. CJiim Acta 
1926, 9, 399). 


(CH2)„ CH-CHjNHa 

\ch/ (X.) 

9H ' 


I 2 — CH, 
(XI.) 


x: 


OH 

H 


:2-ch20h 

(xn.) 


CHg— CH 2 


9 H 2 CH, 9 H 3 9 H 2 

CH -CH,-CH.X CHa-CH-NH, 


CH, 


9 H ' CH 2 ] SnEl 2 '^^2 '-'-^2 


CH, 


\CH, 


2 

(xni.) 


(XIV.) 


(XVI.) 


(PH2-9H2 

CH 2 — CH{OH) 


^a^CH-CHaOH 


(XV.) 


(XVII.) 


A further example of this is the formation of c^/cZoheptanol (XIV) 
from cycZohexyl methylamine (XEH), some cycfoheptene being also 
formed (Ruzicka and Brugge, loc, ciL), The ring system inamino- 
cpfobutane (XV) is, however, converted partly into a cyclopropane 
ring on treatment with nitrous acid, a mixture of (XVI) and (XVII) 
being formed (Demjanoff, Ber., 1907, 40, 4961). AminocycZopropane 
under similar conditions gives allyl alcohol (Kischner. /. Russ, 
Phys, Chem, Soc,, 1905, 37, 304). 

(b) Esters of cl- A mino- Acids, — ^The esters of a-aminoacetic acid 
react with nitrous acid under suitable conditions to yield diazo- 
acetic esters (equation iii, p. 281). The same type of product is 
given by esters of a-aminopropionic, a-aminobutyric, and a-amino- 
caproic acids^ and by esters of a-aminophenylacetic and a-amino- 
p-phenylpropionic acids. Apparently the reaction is restricted to 
a-aroino-esters. Amino groups in p- or y-positions are replaced by 
hydroxyl groups (Curtius and Muller, Ber., 1904, 37, 1261 ; compare 
Curtins, ibid,, 1883, 16, 2230; J, pr, Chem., 1888, [ii], 38, 401). 


Preparation of Diazoacetic Ester . — Glycine ester hydrocliloride (50 g.) and 
finely-powdered sodinin nitrite (37-5 g.) are added to 100 e.e. of water in a 500- 
c.c. ^paratmg funnel. The mixture is shaken till the temperature has fallen 
to 0 , 25 e.e. of ether are added and then a few drops of 10% sulphuric 

acid. The whole is now shaken thoroughly for a minute, when the lower 
aqueous layw is run into a fiask cooled in ice. The ethereal solution is trans- 
erred to a dry fl^k. The aqueous layer is again placed in the separating 
ftin^l, with a fresh quantity of 25 c.c. of ether, and the solution acidified 

few drops of 10% sulphuric acid. The mixture is shaken, 
TuT ^d the whole operation repeated with fresh quantities of 

etoer till the ethe^ extracts are only feebly coloured. The united ethereal 
esdr^ts ^ (Mmbmed and washed with small quantities of sodium carbonate 
solution till the washings remain alkaline and have a deep yeUow colour. 
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The ethereal solution is then dried in contact with calcium chloride. The 
eihereal solution is concentrated carefully in a warm 'water-bath and the last 
traces of solvent are removed by passing a current of air over the surface of the 
concentrated solution. Diazoacetic ester is a deep yellow liquid, b. p. 86° /SS 
mm. ; it explodes on distillation at ordinary pressure (Curtins, J. pr. Chem., 
ISSS, riii, 38, 401; Silberrad, J., 1905, 81, 600). 

Diazo-compoimds are also formed from some oc-amino-ketones, 
such as aminocamphor and a-aminoacetophenone (Angeli, Ber.^ 
1S93, 26, 1715: R. Schiff, ibid., 1881, 14, 1375). According to 
Angeii, the essential conditions for the formation of diazo-compounds 

from aliphatic amines is the presence of the grouping X!C*CH-NH 2 

(where X may be C, 0, or X) or OIS-CH-XHg. Thus aminoaceto- 
nitrile (X^TII) and aminomethane disulphonic acid (XIX) yield 
diazo-compounds ; (XX) behaves similarly (Angeii, Ber., 1904, 37, 
2080 ; Gurtius, ibid., 1898, 31, 2491 ; v. Pechmann and Manck, 
ibid., 1895, 28, 2377). 

XHg-CHo-CX XHg-CHCSOsH), [ [ C-R 

(KYlli.) (XIX.) “ \/\^ 

N (XX.) 

(c) Aromatic Primary Amines . — ^The salts of primary aromatic 
amines behave in a characteristic manner with nitrous acid. In 
cold aqueous solutions a diazonium salt is formed : 

C6H5-XH2,HC1 + HXO 2 — ^ CeH.-Ns-CI -f- H^O 

At higher temperatures the diazonium salt decomposes with the 
evolution of nitrogen and the formation of phenol. 

The usual method of preparing an aqueous solution of a diazonium 
salt is to add the necessary amount of an aqueous solution of 
sodium nitrite to the amine dissolved in an excess of dilute mineral 
acid, cooled to 0^ or — 10° by an external bath of ice and salt. 
Examples of these preparations are given in the section on diazo- 
compounds, pp. 334-348. This reaction is used for the detection of 
primary aromatic amines. 

To a solution of about 0-1 g. of a suspected primary aromatic amine dis- 
solved in 2 c.c. of oJV-hydroehioric acid and cooled to 0° by an ice-bath and 
by the addition, of a small piece of ice to the solution, a dilute solution of sodium 
nitrite (14 g. in 1000 c.c. of 'water) is added till a slight excess of nitrous acid is 
present as shown by starch iodide paper. The . solution should be clear. 
It is then poured into an alkaline solution, of jS-naphthol or R salt which has 
been largely diluted 'with aqueous ammonia. 

The formation of a bright red, orange-red, or reddish-blue precipitate from 
jS-napbthol solution or a similarly coloured solution from R salt indicates the 
presence of a diazonium salt derived from a primary aromatic amine. 

Preparation of diazonium salts in aqueous solution is usually 
satisfactory with aniline and its homologues, their simple sub- 
stitution products and with the naphthylamines. It fails^ however. 
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when the amine contains a number of negative substituents in the 
nucleus. Thus trinitroaniline and pentabromoaniline give no diazo- 
compounds by this process. In these circumstances special methods 
must be employed which usually involve the use of an excess of 
moderately concentrated sulphuric acid; less frequently concen- 
trated hydrobromic acid or fuming hydrochloric acid. Claus’s 
method consists in dissolving the base in a moderate excess of 
sulphuric acid monohydrate, cooling to — 10°, and then adding to 
the stirred solution the calculated amount of nitrosylsulphuric 
acid (Claus and Wallbaum, J. pr, Chem., 1897, [ii], 56, 48 ; Claus 
and Beysen, Annalen, 1891, 266, 224). When this process is not 
satisfactory, as is the case with some tetrabromo-substituted amines, 
fuming hydrochloric acid or concentrated hydrochloric acid has 
been used instead of the monohydrate of sulphuric acid (Claus and 
Wahbaum, loc. cit., p. 51). 

Even under the conditions just described, amines such as 
picramide cannot be diazotised, but conditions for the successful 
diazotisation of such amines have been described by Misslin {Helv. 
GJiim. Acta, 1920, 3, 626). The amine is dissolved in glacial acetic 
acid and then treated with nitrosylsulphuric acid diluted with a 
moderate excess of concentrated sulphuric acid. The excess of 
concentrated sulphuric acid is necessary, for in its absence no 
diazotisation occurs. 

Preparation of 2:4: 6-Trinitrobenzenediazonium Sulphate and of 2:4:6- 
Benzeneazo-p-naphthol. — ^Picramide (2-3 g.) is dissolved in 160 c.c. of warm 
glacial acetic acid and the solution cooled to 17°. A solution of nitrosyl- 
sulphuric acid (prepared by dissolving 0-7 g. of sodium nitrite in 160 g. of 
sulphuric acid monohydrate at 45°) is then added cautiously over a period of 
25 minutes, while the temperature of the solution is brought to 0 — 3° by ex- 
ternal cooling and stirring. A viscous pale yellow solution of the diazoniuin 
salt is thus obtained. It scarcely couples with alkaline R salt. 

For the preparation of the azo-j5-uaphthol, a solution of 2 g. of j3-naphthol 
in 15 c.c. 6i glacial acetic acid is added to the diazonium solution. A very 
intense colour develops, and after a few minutes the solution is poured into 
ice-water. A brown flocculent precipitate is obtained. It is collected by 
filtration, washed with water, and extracted with boiling alcohol The residue 
is the crude azo-compound, which is purified by crystallisation from acetic 
acid or nitrobenzene (Misslin, loc. cit.). 

Preparation of a Solution of 2 : 6~JDinitro-4-7nethylbenzenediazonium Sulphate. 
— 2 : 6-Dinitro-p-toluidine is dissolved in twice its weight of concentrated 
sulphuric acid, and after cooling in ice, ice-water is added till a faint tur- 
bidity results. The solution is then stirred mechanically, cooled to 0°, and 
powdered sodium nitrite (calc, amount) added (Claus and Beyson, loc cit.). 

O. N. Witt {Ber., 1909, 42, 2953) has described conditions for the 
diazotisation of some negatively-substituted anilines by which a 
solution of the a min e in concentrated nitric acid is treated with 
potassium metahisulphite. 

The capacity to yield diazonium salts is not confined to amino- 
dexivatives of the aromatic hydrocarbons, but is shared by some 
amino-substituted heterocyclic compounds. Thus 4-aminotriazole 
and its homologues (Thiele and Manchot, Annalen, 1898, 303, 40), 
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4-aminothiazoIe (Traumann, ibid.^ 1888, 249, 39; Schatzmaim, ibid., 
1891,261,9; Hantzsch and Popp, 262^?., 1889, 250, 274; Wohmann, 
ibid., 1890, ^9, 279), aminoantipyrine (Knorr and Stolz, ibid,, 1896, 
293, 68), have been shown to diazotise in aqueous solution, and to 
couple and yield azo-compounds. In spite of the comparative 
instability of the diazo- compounds derived from triazoles and 
thiazoies, the classical work of Morgan and Reilly and their asso- 
ciates has shown that the pure diazonium salts can be isolated 
{3Iorgan and Reiil^’, J., 1913, 103, 808, 1494; ibid., 1914, 105, 435; 
Morgan and Morrow, ibid., 1915, 107, 1291 ; Morgan and Reilly, 
ibid., 1916, 109, 155). Diazonium salts have also been prepared 
from 5-amino-3 : 5-dimethyl2aooxazole (Morgan and Burgess, ibid., 
1921, 119, 697, 1546). Other amino-heterocyclic compounds which 
have been shown to diazotise are S-aminoqumoline (W. H. Mills 
and Watson, J., 1910, 97, 753), and aminotetronic acid (Wolff and 
Liittringhaus, Annalen, 1900, 312, 143). Although S-aminopjnridine 
diazotises normally (Mohr, Ber., 1898, 31, 2495), 2-aminopyTidine 
appears to give diazo-salts which are unstable in aqueous solution 
(Tschitschibabin and Zeide, J. Russ. Phys. Chem. Soc., 1915, 46, 
1216). Measurements of the stability of diazonium salts from 
aminopyrazoles, pyrazolones, and triazoles have been made by 
Reilly and Madden (J., 1925,'l27, 2936; 1929, 815). 

The normal production of diazonium salts in the benzene series 
may be disturbed by the presence of other reactive groupings in 
the aromatic nucleus. Thus the action of nitrous acid on o- and 
jp-aminophenols may lead to the formation of internal condensation 
products — diazo-oxides. The w-aminophenols do not appear to 
yield such compounds. On the other hand, 8-amino- a-naphthol 
forms a diazo-oxide. The tendency^ to diazo-oxide formation 
appeal^ to depend on the conditions and on the other groups 
present. Thus while 0 - and p-aminophenols yield normal diazonium 
salts in acid solution, many halogen and nitro-substituted amino- 
phenols furnish diazo-oxides readily in acid soliition. The diazo- 
oxides in general are highly coloured crystalline solids which couple 
with P-naphthol to give azo-compoundEs and form highly coloured 
salts in alkali. Diazo-oxides may also result by the elimination of 
halogen or nitro-groups in the ortho or para position to the diazo- 
grouping, if other negative groups are also present. This is usually 
effected by neutrahsing with alkali or by adding sodium acetate 
(Morgan and J. W. Porter, J., 1915, 107, 645 ; Morgan and Tomlins, 
ibid., 1917, 111, 497 ; Morgan and Evens, ibid., 1919, 115, 1126 ; 
Orton, J., 1903, 83, 796). 

The behaviour of diamines towards nitrous acid is considered in 
section 2 (p. 297). 

2. SecoT^nry Amines. — All secondary amines, whether aliphatic, 
aromatic, or mixed aliphatic aromatic amines, react with nitrous 
acid to 3deld nitrosamines. 

BJR'NH + B.ONO — ^ RR'N-NO + H55O. 
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Tlie reaction is brought about by adding the calculated amount 
of an aqueous solution of sodium nitrite to the amine in aqueous 
acid. The preparation is illustrated by the following. 

Preparation of Dimethylnitrosamine , — solution of 180 g. of sodium nitrite 
in 200 c.c, of warm water is added slowly to 200 g. of dimethylamine dissolved 
in 100 c.c. of water acidified with sulphuric acid. ^^Tien all the nitrite has 
been added, the solution is distilled almost to dryness. The distillate is 
acidified and distilled again to remove traces of unchanged amine. The ad- 
dition of solid potassium carbonate to the distillate causes the nitrosamme 
to separate as a pale yellow oil. This is removed and dried in contact with 
solid potassium carbonate. The dry nitrosamine distils at 148° (Kenouf 
Per., 1880, 13, 2170). 

Preparation of Nitroso piperidine . — A solution of piperidine in four times 
its weight of 25% sulphuric acid is cooled to 0° and the calculated amount of 
iodium nitrite in water added slowly. The nitrosamine separates as an oil 
which is taken up in ether and washed with concentrated potash solution. 
Evaporation of the solvent leaves nitrosopiperidine as a yellow oil, b. p. 218°. 

Preparation of Diphenylnitrosamine . — ^A solution of 50 g. of diphenylamine 
in 250 g. of alcohol is cooled to 0° and 35 — 40 c.c. of concentrated hydrochloric 
acid are added all at once. Before the hydrochloride of diphenylamine can 
separate, a solution of 25 g. of sodium nitrite in 35 c.c. of water is added 
rapidly and the mixture stirred. The precipitated nitrosamine is collected 
by filtration and purified by crystallisation from hot light petroleum (b. p. 
80 — 100°). It is obtained as massive pale yellow crystals, m. p. 66 — 67° 
(compare Vanino, Prdparative Chemie, II, 666). 

Preparation of Phenylethylnitrosamine . — solution of ethylaniline in 
2 moL proportions of dilute hydrochloric acid, cooled to 0°, is treated with 
aqueous sodium nitrite. A turbidity is first produced, which gives place to 
the separation of an oil as more nitrite is added. When the mixture contains 
a slight excess of free nitrous acid the nitrosamine is extracted with ether and 
the ethereal solution washed first with aqueous alkali, and then with water. 
It is finally dried over anhydrous magnesium sulphate. Evaporation of the 
solvent leaves phenylethyl nitrosamine as a yellowish oil which can be further 
purified by steam distillation or by distillation imder reduced pressure (at 
about 1 — 0-5 mm.). 

This method can be apphed generally to the preparation of the 
mixed aryl alkylnitrosamines. It is advisable, however, to avoid 
prolonged contact of the nitrosamine with aqueous acid, for a few 
aryl aUsyhiitrosamines, snch as those derived from the alkyl-o- 
tolnidin^, readily pass, under the influence of aqueous hydro- 
chloric acid, into the corresponding ^-nitrosamines (O. Fischer and 
Diepolder, Annalen, 1895, 286, 163). 

Preparation of o-Tolylmethylnitrosamine . — ^A solution of 24 g. of methyl- 
o-toluidin© in 31 g. of concentrated hydrochloric acid and 70 g. of water is 
treated with 14*5 g. of sodium nitrite in water. The nitrosamine is taken up 
in ether and purified in the usual manner, 

Pre^ration of 6 -Nitro 80 -ethyl~o~toluidine . — ^A solution of 10 g. of ethyl- 
o-toluidine in 40 c.c. of concentrated hydrochloric acid is cooled and a con- 
centrated aqueous solution of 5 g. of sodium nitrite added, while the mixture 
is stirred. When all the nitrite has been added, about 20 g. of hydrochloric 
acid are ad.ded and the solution is kept till the oily nitrosamine has dissolved. 
The solution is then cautiously diluted with water and neutralised with aqueous 
amm onia. The nitroso -base separates out, and is collected either by filtration 
or by solution in ether. It crystallises from benzene as green leaflets, m. p. 
140° — ^yield about 10 g. (O. Fischer and Diepolder, loc. cit.). 
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3. Tertiary Amines. — ^In aqueous solution the tertiary aliphatic 
amines do not react with nitrous acid, and can be recovered from 
such inixtures unchanged. The dialkylanilines, however, undergo 
substitution in the nucleus with the formation of p-nitroso- com- 
pounds. This reaction is shared by many nuelear-substituted 
dialkylanilines, but it is essential that the para position should be 
free. 

Preparation of p~Xitro8odimet7iyla7iiline . — ^Dimetliylaiiiliae (24 g.) is dis- 
solved in 50 e.c, of concentrated hydrochloric acid mixed with an equal volume 
of water. After cooling the solution in ice, sodium nitrite [14 g.) dissolved 
in a small quantity of water is added slowly, while the solution is stirred. 
33-Xitrosodiiuethylaniline h 3 ’droehloride soon commences to separate as an 
orange-yellow CT^'stalline paste. The mixture is kept after the addition of all 
the nitrite till no further separation takes place. The hydrochloride is then 
filtered oS and washed with dilute hydrochloric acid. The free base is ob- 
tained by suspending the hydrochloride in water and adding dilute aqueous 
alkali. The base is taken up in ether, the ethereal solution washed with water, 
dried in contact with anhydrous magnesium sulphate, and the solvent 
evaporated. p-Xitrosodimethjdaniline is obtained as green plates, m. p. 85°. 

It is notewortby that the presence of substituents in the ortho 
position to the dialkylamino-group hinders the formation of p- 
nitroso-compounds. Thus dimethyl-o-toluidine, 3-dimethylamino- 
o-:^lene, and dimethylamino-p-xylene do not react with nitrous 
acid to any appreciable extent (v. Braun, Arkuszewski and 
Kohler, Ber., 1918, SI, 282). o-Chlorodimethylaniline also is 
indifferent to aqueous nitrous acid (Priedlander, Monatsh., 1898, 
19 , 627), and o-dimethylammobenzoic esters are also stated to 
form no nitroso-derivatives (Houben, Ber., 1909, 42, 3188). Dialkyl- 
anilines containing a tertiary alkyl group also fail to form p-nitroso- 
derivatives. Thus methyl-feri.-butylanilme is recovered unchanged 
after keeping in a dilute aqueous solution of nitrous acid for | hour 
(Hickinbottom, 1933, 946). 

(/) Beplacement of the Amino-group by Hydroxyl by Hydrolysis. 

The amino-group of the alkylamines and of aniline and its 
homologues is firmly bound ; it is resistant to the action of boiling 
aqueous alkalis or aqueous acids. The stability of the amino-group 
of a nilin e is modified by the introduction of suitable substituents 
into the nucleus. This is particularly marked with the nitroso-group. 
Thus p-nitrosoaniline is converted into p-nitrosophenol and ammonia 
by boiling with aqueous alkali. The p-nitrosomono- and di-alkyl- 
a n ili n es similarly yield p-nitrosophenol and alkylamines {0. Eischer 
and E. Hepp, Ber., 1879, 20, 2474; 1888, 21, 684; Baeyer and 
Caro, ibid.^ 1874, 7, 964). 

ON-CgH^-NHa + KOH ON-CeH^-OK + NHg. 

Nitro-groups situated in o- and p-positions with respect to the 
amino also render the amino-group susceptible to alkaline hydrolysis. 
The effect is, however, much less marked than with the nitroso- 
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group. Thus ^-nitrodimethylaniline is unchanged by boiling 'with 
aqueous alkali (Weber, Ber,^ 1877, 10, 761). The amino-group is 
comparatively easily hydrolysed if there are two or three groups in 
the ortho and para positions. Thus 2 : 4-dmitro- and 2:4: 6-tri- 
nitro-anilines yield the corresponding phenols by the action of hot 
aqueous alkali (Pisani, Annalen, 1854, 92, 326 ; Willgerodt, Ber 
1876, 9, 979). 

In contrast to the comparative stability of aniline and its homo- 
logues, the naphthylamines are hydrolysed to naphthols and 
ammonia by heating with aqueous acids or alkalis (Franzen and 
Kempf, Ber., 1917, 50, 101; Meister, Lucius, and Eriining, 
D.R.-P. 74,879: 76,595; E.P. 14,301/1892). Aqueous solutions 
of sodium bisulphite are particularly efEective in bringing about 
this hydrolysis (Bucherer, J. pr. Chem., 1904, [ii], 69, 49). This 
method has been applied to the industrial preparation from the 
naphthylaminesulphonic acids of some naphtholsulphonic acids 
which are not conveniently obtained by the direct sulphonation of 
the naphthol. 


[g) Action of Nitric Acid. 

Aliphatic amines furnish the nitrate by treatment with nitric 
acid. In general, no further action is to be expected with aqueous 
nitric acid. The nitrates of secondary ahphatic amines can be 
dehydrated by the action of acetic anhydride with the formation of 
secondary nitramines. 

(CH 3 ) 2 NH,HN 03 — > (CH3)2N*N02 + H 2 O. 

Dry dimethylamine nitrate yields dimethylnitramine by shaking it 
with acetic anhydride at room temperature; piperidine nitrate 
furnishes nitropiperidine by warming with acetic anhydride (Bam- 
berger and Kirpal, Ber., 1895, 28, 535). The nitrates of primary 
ahphatic amines do not give a satisfactory yield of nitramine by 
this method. It has, however, been applied successfully to the 
preparation of arylnitramines. Thus aniline nitrate, treated with 
acetic anhydride, yields phenylnitramine. Many of the homologues 
of aniline behave similarly (Bamberger, Ber., 1895, 28, 399). The 
reaction is sometimes met with during the nuclear nitration of 
arylamines in presence of acetic anhydride. 

Preparation of 2:4: 6~Trichlorophenylnitramine . — Triehloraniline (50 g.) 
is dissolved in 450 c.c. of acetic acid. To tlie solution are added 40 e.c. of 
nitric acid (90%) whicli has been freed from nitrous acid by adding urea nitrate. 
The solution is then cooled to 12°, and 30 c.c. of acetic anhydride are slowly 
added. When the precipitate of triehloraniline nitrate has dissolved, the 
solution is poured into 600 c.c. of ice-water. The precipitated nitramine is 
collected, washed with water, and freed from a small amount of impurity by 
solution, in sodrum carbonate. The nitramine is precipitated from the filtered 
solution by adding dilute hydrochloric acid, washed, and dried (Orton and 
A. E. Smith, J., 1905, 87, 393). 
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Tiie introduction of a- nitro-group into the nucleus of arylamines 
can be ejBFected comparatively readily. If nitric acid either alone 
or in acetic acid solution is used as the nitrating agent, it is usually 
advisable to protect the primary or secondary amino-group by 
acylation. Instead of using nitric alone, a mixture of nitric and 
sulphuric acids can be employed. It should be noted, however, 
that the sulphuric acid may have an important effect on the position 
assumed by the nitro-group. This is weU iQustrated in the nitration 
of p-toluidine. In a large excess of sulphuric acid, 2-nitro-p- 
toluidine (XXI) is formed by the action of one molecular proportion 
of nitric acid. The nitration of acet-^-toluidide yields 3-nitroaceto- 
jp-toluidide (XXII). The alkyl derivatives of ^-toluidine behave 
similarly. Aniline in a large excess of sulphuric acid is nitrated 
with one molecular proportion of nitric acid to give a mixture of 
m- and p-nitranilines, while acetanilide furnishes a mixture of o- 
and p-nitroacetanilides {Xolting and Collin, Bar., 1884, 17, 261). 

Another example of the influence of the medium in nitration is 
the formation of 2 : B-dinitroacet-p-toluidide (XXV) from 2-mtro- 
aceto-^-toluidide by the action of fuming nitric acid ; nitration with 
nitric-sulphuric acid mixture furnishes the isomeric 2 : 5-dmitro- 
aceto-p-toluidide (XXIV) (Scott and Robinson, J., 1922, 121, 844). 



(XXI.) 


NO- 


NHAc NHAc 

O" 

Me Sle 

(xxn.) (XXIV.) 





NHAc 
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NHAc 



Me 

(XXV.) 


The following illustrate some of the methods used for the nitration 
of arylamines. 

Preparation oj p~Nitrofornianilide . — Formanilide dissolved in 2 parts of 
concentrated sulphuric acid is nitrated by adding it to 1 part of cold concen- 
trated nitric acid (d 1-42) diluted with an equal volume of concentrated sul- 
phuric acid. The mixture is kept at 15 — 20° and stirred during the nitration. 

The product is precipitated by pouring on ice. The yellow crystalline solid 
is collected, washed with water, dried, and crystallised from toluene, m. p. 
196° (Morg^ and Upton, J., 1917, 111, 190). 

Preparation of 3- and 5-yitro-o-toluidines. — Aeeto-o-toluidide (20 g.) is 
added in small portions at a tune to 7o c.c. of nitric acid, the temperature 
being kept below 20°. When all the acetyl derivative has been added, the 
temperature is raised to 40 — 50° and kept at this point for | — 1 hour. It is 
then poured into water, the resulting precipitate washed and dried — ^yield 
14 g. The product is a mixture of o-nitroaeeto-o-toluidide and the 3-nitro- 
aceto-eompound. 

The mixed nitro -compounds are covered with 50 c.e. of concentrated hydro- 
chloric acid and steam distilled, till no more orange-coloured crystals collect 
in the receiver.^ These consist of 3-nitro-o-toluidine, m. p. 97°. On adding 
an excess of so<hum carbonate to the residue in the flask, a precipitate of crude 
o-nitro-o-toluidine results. It is collected by filtration, washed with water 
and crystallised from alcohol, m. p. 133° (Cohen and Dakin, J,, 1901, 79, 1 127 * 
Page and Heasman, Md., 1923, 123, 3238). ’ 

XT 
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Preparation of 2 : 5-Dinitro-aGeto--p-toluidide. — 2-jSritroaceto-p-tol'aidide {o-l 
g.) is dissolved in the minimum amount of concentrated sulphuric acid, cooled 
to 0°, and nitrated by the addition of a solution of potassium nitrate ^5*2 o \ 
in a small amount of sulphuric acid. When all the nitrating solution has 
added, the mixture is kept at 0° for 2 hours, and then added to ice-water 
The precipitate of crude acetyl derivative is thoroughly washed with water 
and then crystallised from warm alcohol. It separates from this solvent as 
colourless aggregates of slender needles, m. p. 132 — 133° (Scott and Robinson 
loc. cit., p. 845). ^ * 

Preparation of 4t-Nitro-o~toluidine. — A solution of 30 g. of o-toluidine in 
about 450 g. of concentrated sulphuric acid is cooled to 0° and nitrated by the 
addition of 28 g. of 63% nitric acid in 100 g. of concentrated sulphuric acid 
The mixture is stirred during the nitration and subsequently kept for 2 hours 
at room temperature. It is then poured on 600 g. of ice, and the mixture 
stirred. The greater part of the ice melts and an almost clear solution results 
which in a short time sets to a thick paste of yellow crystals. The crystalline 
magma, which consists of the sulphate of 4-nitro -o-toluidine, is collected at 
the pump and thoroughly drained. It is then stirred with a slight excess 
of alkali. 4-Nitro-o-toluidine separates in an almost pure condition. It is 
collected, washed with water, and crystallised from alcohol — ^yellow prisms 
m. p, 107°, yield 34 g, (Ullman and Grether, Ber,, 1902, 35, 337). 

Preparation of 2-Nitro-p-toluidine. — solution of 10 g. of p-toluidine 
in 200 g. of concentrated sulphuric acid is cooled in a freezing mixture till the 
temperature is below 0°. It is then stirred, and a solution of 7-5 g. of nitric 
acid {d 1-48) in 30 g. of sulphuric acid added. The temperature of the reaction 
mixture is kept below 0° till the whole of the nitrating acid has been added. 
After several hours, the mixture is poured into about 500 c.e. of ice-water, 
filtered, and diluted to 1 500 c . c . 2 -Nitro-p-toluidine is precipitated by neutral- 

ising with sodium carbonate. The product is collected, washed with water, 
and then crystallised from dilute alcohol, m. p. 77° — ^yield, 10 g. (Nolting and 
Collin, Zoo. cit,). 

Preparation of 2’Nitrodimethyl‘-p-toluidine. — Dimethyl-p-toluidine dissolved 
in 12 parts of concentrated sulphuric acid is nitrated by gradually adding 2 mol. 
proportions of nitric acid diluted with an excess of concentrated sulphuric acid. 
The reaction mixture is stirred during the addition of the nitric acid solution. 
After keeping for 12 hours the mixture is poured on ice and neutralised by 
adding dilute ammonia. 2-Nitrodimethyl-p-toluidine is collected by filtration 
and washed with water, m. p. 27° (Morgan and Clayton, J., 1910, 97, 2650). 

It is interesting to note that under the conditions described above only 
a mononitro-derivative is formed, although an excess of nitric acid has been 
used. If the temperature rises unduly when the reaction mixture is poured 
into water, the product is 2 : 5-dinitrodimethyl-p-toluidine. 

During the nitration of dialkylarylamines, one of the alkyl groups 
may be replaced by -NO or “-NO2. This usually occurs during the 
vigorous conditions of nitration. 

Preparation 0 / 2 : 4 : Q-Trinitrophenyl-n-hutylnitramine from Di-u-hutyh 
aniline* — The tertiary a min e is added cautiously to ten times its weight of 
fuming nitric acid mixed with an equal weight of acetic acid. The mixturei s 
stin^d during the addition of the amine. The reaction is completed by warm- 
ing on a water-bath till the dark colour of the solution has changed to a pale 
yellow or red. It is then poured on ice, and the precipitate collected. The 
nitMjnine is obtained pure by dissolving it in cold fuming nitric acid and allow- 
ing the solution to crystallise at room temperature over several hours or even 
days. The nitr ami n e may then be crystallised from glacial acetic acid — very 
pale yellow plates, m. p. i00°. 

This method h^ been used for other dialkyl anilines (Reillv and Hickin- 
hottom, J., 1920, 117 , 135). ^ 

Preparatzon o 2 : 4 : ^-TrirbUro^ia-tolylmethylnitramine * — 4 : 6-Dinitro- 
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dimethyl-m-toluidine (40 g,) is added in small quantities at a time to 100 c.c. 
of fuming nitric acid warmed to 50®. When all the solid has been added 
the mi-r tfTrft is heated in a water-bat-h till the exmlntion of brown fumes ceases. 
The mixture is then cooled and water added. The nitramine separates as an 
oil, which graduallv solidifies. It is washed with water and crystallised from 
alcohol containina:‘'a little acetic acid, m. p. 101® (Brady and W, H. Gibson, 
J., 1921, 119, 102). 

A similar result can be obtained by nitration with fuming nitric 
acid in presence of sulphuric acid. This type of process was formerly 
used for the technical preparation of 2 : 4 : 6-trinitrophenylmethyl- 
nitramine from dimethylaniline. 

Nitration of dialhylanilines may also be accomplished by the use 
of tetranitromethane in presence of boric acid (E, Schmidt and 
Heinrich Fischer, jBer., 1920, 53, 1529). If a solution of tetra- 
nitromethane in pyridine solution is used, one of the alkyl groups is 
displaced by -NO without the introduction of nitro-groups into 
the nucleus (see p. 275). 

Preparation of Z-Nitrodhriethyl-p-toluidine. — ^Dimethyl-p-toluidine (20 g.) 
dissolved in 20 c.c. of alcohol is added to a solution of 9-2 g. of boric acid 
dissolved in 60 c.c. of alcohol. The solution is cooled in ice, while 30-5 g. of 
tetranitromethane diluted with 20 c.c. of alcohol are added gradually. The 
mixture is kept in ice for 1 hour after all the tetranitromethane has been added. 
The separation of a crystalline product will then be complete. After 2 hours 
it is coUecten by filtration and washed with a little alcohol. It consists of 
the nitroform salt of 3-mtrodimethyl-p-toluidine. 

This product (24 g.) is added to a mixture of 17 c.c. of 30% sodium car- 
bonate solution and 45 c.c. of water warmed on a water-bath. The crystals 
decompose to yield an oil which is distilled in steam. It is isolated from the 
distillate by extraction with ether, the extract dried in contact with sodium sul- 
phate and fractionated. 3 -Nitrodimethyl-p-t oluidine is collected at 110 — 
113/0-5 mm. — ^yield 11-7 g. (Schmidt and Fischer, loc. cit.). 

(b) Action of Halogems, 

Arylamines react with halogens comparatively readily, and under 
suitable conditions yield nuclear-substituted products. Halogen- 
ation of the primary or secondary amines is nsuaRy effected by means 
of bromine or chlorine acting on an acetic acid solution of the amine, 
or in such atjueous media as bydrobromic or hydrochloric acids, or 
even in water. Less rarely alcohol, ether, chiorofonn, or carbon 
disulphide is used. The reaction in these media is generally less 
satisfactory than in acetic acid. 

Preparaiion of 4 : ^-DicMQro~2-hromoariiUne , — solution of o-bromoaniline 
in 20% hydrochloric acid is treated with a freshly-prepared solution of 2 mol. 
proportions of chlorine dissolved in 20% hydrochloric acid- The addition of 
water precipitates 4 : 6-dichloro-2-bromoaniline, m. p. 82° (Reed and Orton, 
J., 1907, 91, 1552). 

Pr&parcaion of 4:-Bromodimet7iylariiUne . — The calculated amount of bromine 
is added to dimethylaniline dissolved in acetic acid containing some water, 
y^en all the bromine has been added, the mixture is kept for some time, then 
diluted with water, and the greater of the acid neutralised with ammonia. 

The a min e separates out in a crystalline condition, m. p, 55 — 56° (Fries, An- 
nodes, 1906, 346 , 187). 
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Preparatio7i of 4-BromoaniUne. — solution of 5 g. of aniline in 25 c.c of 
acetic acid is cooled and stirred meelianically, while 8 g. of bromine in 35 c c 
acetic acid are added at the rate of about ij- c.c. every minute. When tie 
bromination is complete, aqueous sodium acetate is added to completely 
precipitate the base. It is purified by crystallisation from 60% alcohol, and 
is obtained as colourless needles, m. p. 66® (Fuchs, Monatsh., 1915, 36 , 138). 

Preparation of 2:4: 6-Tribromo-3-niiroaniline, — solution of 7 g. of 
bromine in 30 c.c. of acetic acid is added to a stirred and cooled solution of 
3-3 g. of m-nitroaniline in 15 c.c. of acetic acid. After keeping at room tem- 
..rature for a short time, the product is precipitated by adding water— yield 

g. ; yellow needles, m. p. 102 — 103®, from alcohol (Fuchs, loc. cit., p. 133). 

Preparation of 3 : o-Pibromo-p-toluidine, — p-Toluidine (5 g.) in 20 c.c. of 
acetic acid is treated with 9 g. of bromine in 40 c.c. of acetic acid, i^ter 
completion of the bromination, the hydrobromide of the base is precipitated 
by adding water. The free base — ^m. p. 79® — is obtained by adding sodium 
acetate to a suspension of the salt in water (Fuchs, loc. cit., p. 118). 

Preparation of 2 : 4-Dichloroacetanilide. — ^A solution of 100 g. of acetanilide 
in 800 c.c. of glacial acetic acid is mixed with 131 g. of fused sodium acetate 
in a flask and the whole weighed. Chlorine is then passed into the cold mixture. 
As soon as p-chloroacetanilide commences to separate, the flask is heated in 
a water-bath and the stream of chlorine continued till the increase in weight 
corresponds with the absorption of 2 mol. proportions of chlorine. A few c.c. 
of an aqueous solution of sulphur dioxide are then added to reduce any chlor- 
amine which may have been fornied. 

On cooling, 2 : 4-dichloroacetanilide and sodium chloride separate. The 
precipitate is then collected and washed with water. A further amount oi 
dichloroacetanilide is obtained by diluting the original filtrate with half its 
volume of warm water, m. p. 145° — ^yield theoretical (Beed and Orton, J., 
1907, 91 , 1553). 

Preparation of 2:4: Q-Trihromoethylaniline. — ^A solution of 12 g. oi 
ethylaniline in 50 c.c. of acetic acid is treated with 45 g. 'of bromine. Aftei 
adding some water, the mixture is kept overnight, when the red colour of thf 
solution will have disappeared. The paste of crystals which has separatee 
is collected, washed with acetic acid, and then treated with ammonia. Tht 
amine thus obtained is crystallised from alcohol or acetic acid, m. p. 45‘ 
(Fries, Annal&n, 1906, 346 , 183). 


It is mteresting to note that dimethylaniline, treated with bromine 
imder similar conditions, loses a methyl group with the formation of 
2:4: 6-tribromomethylaniline (Pries, loc. cit., p. 192). 

An alternative method for the regulated chlorination of primary 
arylamines is by the reaction of the acetyl derivative of the amine 
with the necessary amount of hypochlorous acid. This can be 
effected very conveniently by the addition of bleaching-powder to an 
acetic acid solution of the acetyl derivative. 


Preparation of 2- and 4-Chloroaniline. — A solution of bleaching-powder (Imol. 
proportion) is slowly added to a solution of 50 g. of acetanilide in 500 c.c. of 
aoetic acid over a period of 1 hour, the mixture being stirred and maintained 
at 8° throughout the operation. After keeping overnight, the greater part 
of the p-chloroacetanilide has separated iii a crystalline form. It is collected 
by jBltration and purified by crystallisation, m. p. 173 — 175° — ^jdeld 25 g. 

The ffltrate from the p-chloroacetajiilide and the mother -liquors from the 
crystallisation are mixed with sufficient concentrated hydrochloric acid to give 
a 10% solution of hydrogen chloride. The mixture is then boiled for several 
hours to hydrolyse the acetyl derivatives, then made alkaline and distilled in 
steam, p- and o*Cbloroa niline and some 2 : 4 -dichloroanilin 0 are isolated 
from the distillate by means of ether. The separation of the pam-isomer is 
^ected by mix in g the amines with a slight excess of 3% sulphuric acid and 
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steam distilling:, so that the concentration of acid remains constant. ^ o-Chloro- 
aniline and 2 : IL-dichloroaniiine pass over, while p-chloroaniline remains behind 
as sulphate. The amines from the distillate are dissolved in the least excess 
of 3 — sulphuric acid and the solution is cautiously neutralised with. 10% 
sodium hvdroxide. Dichioroaniline separates out and is collected by filtration. 
The addition of an excess of alkali to the filtrate liberates pure 2-ehloroamline, 
b. p. 20S— 209' (W. J. Jones and Orton, J., 1909, 96, 1058). 

An interesting method of chlorination consists in the use of a 
chloroamine as the source of chlorine. This method has been used 
when the usual process of treatment with chlorine is too drastic. 

Preparation of '2 : Q-Dichloro-^-hroynoaniline, — ^Acetyl chloroamino-2 ; 4-di- 
chlorobenzeue (5-S g. — 2 mol. proportions) in 15 e.c. of chloroform is added to 
p-bromoaniline (2 g. — 1 mol. proportion) in 15 e.c. of chloroform. The mixture 
is gently warmed, but care must be taken, as the subsequent reaction may be 
too violent. When the reaction is complete, the solution is cooled, when some 
of the 2 : 4-dichIoroaeetanilide {which results from the acetylehloroamino- 
2 : 4-dichlorobeuzene) separates. It is filtered ofi and the filtrate saturated 
with dry hydrogen enloride. The precipitate thus formed is collected, washed 
with cMoroform and boiled with 75% alcohol containing 5% of concentrated 
hydrochloric acid. 2 : 6-Dicbloro-4“bromoanilui6 separates on cooling — 
m. p. 85° (Reed and Orton, Zoc. ciL). 

The introduction of iodine into the nucleus of aromatic amines can 
be effected by the action of elementary iodine on the amine, prefer- 
ably in presence of calcium carbonate or in acetic acid solution. A 
more satisfactory method consists in adding the necessary amount of 
iodine chloride to the amine or its acetyl derivative (Michael and 
Norton, Ber., 1878, 11, 107). Thus 2 molecular proportions of iodine 
monochloride react with 1 molecular proportion of aniline in acetic 
acid solution to furnish 2 : 4-di-iodoaniline. With 3 molecular 
proportions of iodine monochloride, 2:4: 6-tri-iodoaniHne is formed. 

Preparation of p~Iodoacetanilide. — solution of iodine monochloride is 
prepared by passing the necessary amount of ehlorine into 15 g. of acetic acid 
containing 12*7 g. of iodine. It is mixed with a solution of 13*5 g. of acetanilide 
in 15 g. of acetic acid. The reaction is complete when p-iodoacetanilide has 
ceased to separate. The reaction mixture is then diluted with 200 c.c. of water, 
the precipitate collected, washed with dilute alkali and water, and then crystal- 
lised from aJeohoI, m. p. 184° (Chattaway and Constable, J., 1914, 105 , 124). 

It has been observed that during bromination, and to a less 
extent during chlorination, one or more of the groups in the nucleus 
may be replaced by halogen. Thus by the cMorination of jp-bromo- 
aniline, a mixture of dichlorobromoaniline and trichloroaniline is 
formed ; 2 : 4-dibromoanilme yields tribromoaruline and dicbloro- 
bromoanilines on chlorination (Reed and Orton, Zoc. cit.). Other 
examples of the replacement of bromine by chlorine are given by 
Chattaway and Orton {J., 1901, 79 , 822). The replacement of sul- 
phonic groups in halogenated sulphanihc acids by bromine or 
chlorine is discussed on p. 398. 


(2) Sftecial Beactions of Diamines. 

(a) The 1 possess the amino-groups attached to adjacent 
carbon atoms. The term is here used to denote aliphatic as well as 
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aromatic diamines. The aromatic 1 : 2.diammes are distinguislied 
from other aromatic diamines hy the ease with w^hich ring formation 
occurs, but in the aliphatic series the distinction is not so definite, 
so that many reactions in the aromatic series which conclusively 
establish the presence of a 1 : 2.diamine can only be applied to 
aliphatic diamines with reservations. 

Formation of Quinoxalines—Axomsiiie diammes with the ammo- 
groups in the ortho position condense with 1 : 2-diketones with the 
formation of azines (Hinsberg, A-nnalcn, 1887, 237, 327), 



Benzil and phenanthraquinone are most frequently employed for 
this purpose, the condensation being generally effected m alcohohc 
= or acetic acidr solution. The product can be recogmsed by the 
. production or an intense browmsh-red, red, or reddish-blue color- 
ation with concentrated sulphuric acid. 


Frenaration of 2 : S-Diphenyl-6-methylqumoxaUne (I).---Eqmvalent amounts 
of 3 • 4-toluylene diamine and benzil in hot alcoholic solution are 
heated gently for a short time. The quinoxaline separates on (hlution as 
platelets with a silvery lustre, m. p. Ill" (Hinsberg, loc. c%t„ 

Freparation of Fhenanthrazine (11).— An alcoholic solution of o-phenylene- 
diamine is mixed with the equivalent amount of phenanthraqumqiie 
solved in warm glacial acetic acid. The azine separates as a crystaUme pre- 
cipitate, m. p. 217" (Hinsberg, Zoc. cit,, p. 340). 


This reaction is generally employed to establish the orientation 
of amino-groups in the benzene ring, as meta- and j>am-(namines o 
not condense in this way. It is also used to determine the relative 
positions of nitro-groups in dinitro-compounds and of mno- and 
amino-groups in nitroanilines. For this purpose it is obviously 
necessary to reduce them to the corresponding diamme. -the 
experimental procedure described below avoids the isolation of the 
diamme, which is often troublesome. 


Freparation of 1 : 2-Dimethoxyphenanthrazine. — 3 : 4 -Dinitroveratrol© (0* 
g.) dissolved ia 10 c.c. of boiliug alcohol is mixed with 5 e.c. of 
hydrochloric acid. An excess of zinc dust is added in on© portion. 
vigorous reaction has subsided, water is added, the solution filtered, and tne 
filtrate mixed with sodium acetate. A solution of phenanthraqumone 
aqueous sodium bisulphite solution containing sodium acetate is then 
and the mixture hoil^. The etzine soon separates. It is collected, washed, 
and pmified by crysballisation from alcohol. It crystallises in long needles, 
m. p. 175" (T. G. H. Jones and Robinson, J., 1917, 111, 912). 

Fmpamtion of 2 : Z-Diphmyl-Q-n-hutylquinoxaUne. — - 3 -Nitro- 4 -ammo;n- 
butylbenzene (1*4 g.) is reduced by the gradual addition of zinc dust to a houing 
solution in an excess of 50% acetic acid. A snlntinn nf n -/i nr ^ in x^ranm 
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sodium bisulphite solution is then added and the mixture boiled for 5 minutes. 
A reddish-bro’^Ti oil separates. It is collected after cooling and crystallised 
from -warm methyl alcohol — small yelloTr needles, m. p. 82° (Reilly and Hickin- 
bottom, tl., 1920, 117, 118), 

Instead of benzil or phenanthraquinoiie, other 1 : 2-diketones may 
be used. Indeed, the reaction is used also for the recognition of 
1 : 2-diketones. Among the dicarhonyl compoimds which have been 
used in this condensation are p-naphthaq[umone and isatin. Glyoxal 
also condenses readily with orfAo-diamines, The products, however, 
are generally more basic than those derived from diketones contain- 
ing aryl groupings. 

Preparation of Quinoxaline , — slight excess of finely-powdered glyoxal 
bisulphite compoxmd is added to an aqueous solution of o-phenylenediamine 
maintained at oO — 60°. The mixture is stirred till all the bisulphite compound 
has dissolved. An excess of alkali is then added. The quinoxaline which 
separates is taken up in ether, dried with potassium hydroxide, and distilled 
— ^b. p. 220 — 223°, m. p. 27°. It yields well-defined salts with many mineral 
acids (Hinsberg, loc. ciL, p. 334). 


Ethylenediamine also condenses with benzil and phenanthra- 
quinone to give compounds which are analogous to those derived 
from aromatic diamines (Mason, Ber., 1886, 19, 112; 1887, 20, 
267). There appears to be no record of. ahphatic 1 : 3- or 1 : 4- 
diamines condensing in this way. 

Condensations of aromatic or^Ao-diamines, which are similar in 
form to those with 1 : 2-diketones, are also given by a-keto-acids 
(Hinsberg, Annalen, 1887, 237, 347). 

Formation of Iminazoles {Anhydro-Bases), — ^When aromatic ortho- 
diamines are heated under reflux with acetic or formic acids or 
their homologues, the product is a henziminazole of the general 
formula (III). 





> 



(III.) 


3 


(Ladenburg, Ber,, 1875, 8, 677 ; 1877, 10, 1123; Wundt, ibid,, 1878, 
11, 826). These substances are bases, and are generally recognised 
by theh: sparingly soluble picrates. The anhydro-bases are also 
formed by warming the monoacetyl derivatives of or^Ao-diamines, 
or by the vigorous reduction of an acetyl derivative of an o-nitro- 
amine (Hiibner and Rudolph, Ber., 1875, 8, 472 ; Htibner, Annalen, 
1881, 208, 278; Bamberger and Lorenzen, ibid., 1893, 273, 272). 

Preparation^ of Benziminazole. — o-Phenyleuediamine is heated under reflux 
for 1 hour with a moderate excess of anhydrous formic acid. The excess 
of acid is then removed by distillation, and the residue, which solidifies on 
cooling, is crystallised from alcohol or water, m. p. 167° (Wundt, loc. cit.\ 
Pauly and Oundermann, Ber., 1908, 41 , 4011). 
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Preparation of ^-Methylhenziininazole . — 3 ; 4-Toluylen.ediamine is heated 
under reflux for 8 hours with four times its weight of formic acid {d 1-2) 
The dark solution is then treated with an excess of sodium carbonate, and the 
oil which separates is taken up in ether. After drying the ethereal* solution 
and evaporating the solvent, the anhydro-base remains, m. p. 94° (O. Tischpr 
Ber., 1893, 26, 195). 

By substituting acetic or propionic acid for formic acid in these 
preparations, the corresponding 2-alkylbenziminazoles are formed. 

Although the anhydro -bases result by heating aromatic diamines 
with a fatty acid, the normal diacyl derivatives are formed by the 
action of the acid anhydrides. Dibenzoyl derivatives are formed by 
the application of the Schotten-Baumami method of acylation. The 
diacyl derivatives in general pass more or less readily into the an- 
hydro-bases on keeping in the fused state (Hartmann, Ber., 1890, 
23, 1049 ; Bistrzycki and Differs, ibid., p. 1876). When this method 
is unsatisfactory, the anhydro-base may be obtained by heating in a 
stream of hydrogen chloride or by heating with concentrated hydro- 
chloric acid at 200° (compare W'alther and v. Pulawski, J. pr. Chm., 
1899, [ii], 59, 249). 

Anhydro-bases can also be obtained from diacyl derivatives of 
aliphatic diamines by distillation or by heating in a stream of hydro- 
gen chloride. A more general method is to distil the hydrochloride 
with the sodium salt of a lower fatty acid (Hofmann, Ber., 1888, 21, 
2332; Ladenburg, ibid., 1894, 27, 2952; Klingelstein, ibid., 1895, 
28, 1173; Baumann, ibid., p. 1176; Morgan and Hickinbottom, 
J.8.G.I., 1924, 43, 310t). The formation of anhydro-bases is, how- 
ever, not confined to aliphatic 1 : 2-diamines. Trimethylenediamine 
dihydrochloride and tetramethylene dihydrochloride also furnish 
anhydro-bases on distillation with sodium acetate (Harries and Haga, 
Ber., 1899, 32, 1191 ; Haga and Majima, ibid., 1903, 36, 333). 

Reaction with Aldehydes : Formation of Aldehy dines. — ^These 
substances are formed when salts of aromatic oriAo- diamines are 
treated with aldehydes (Ladenburg, Ber., 1878, 11, 590, 600, 1648, 
1653; Hinsberg, ibid., 1886, 19, 2025; 1887, 20, 1585; Hinsberg 
and Funcke, ibid., 1893, 26, 3092 ; 1894, 27, 2187). 

N-CHg-Ph 



N 


Preparation of o~Methyl-l~henzyl- 2 ~phenylbenzimi 7 %azol 6 . — A solution of 
5 g. of o-toluyleuediamine bydrocbloride in 100 c.c. of water is shaken with 
^ g- of benzaldehyde. After keeping for several hours, the amorphous mass 
has become crystalline. It is collected, washed with ether, and then dissolved 
in water containing a little hydrochloric acid. After filtering, an excess of 
concentrated hydrochloric acid is added. The hydrochloride of the aldehydine 
is precipitated. The free base has m. p. 195 — 196° (Ladenburg, loc. cit., 
p. 1649). 

This compound is also prepared, although in poorer yield, by heating the 
aldehyde and diamine at 140° for 18 hours. 
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Preparation of \-Ethyl~2-metJiylbenziminazole . — solution of o-phenylene- 
diamine (10 g.) in dilute acetic acid is mixed witii acetaldehyde (9 g.) and then 
evaporated on a water-bath. The residue is treated with alkali, the base 
taken up in ether and purified by crystallisation of its sparingly soluble hydro- 
iodide, which separates from water as needles. The base 

liberated from its salt by the addition of excess of alkali is a liquid, b. p. 
257’ 60 mm. 

Some 2-methylbenziniinazole is also formed in this preparation. It can 
be isolated by taking advantage of its comparatively low solubility in ether 
when the crude reaction product is rendered alkaline. It is purified by crystal- 
lisation of its tartrate. The free base melts at 175 (Hinsberg and Funcke, 
Ber., 1SG4, 27, 21S7). 

It appears that normal bisazomethines can be obtained from the 
reaction of benzaldehyde with o-diamines in alcohol. These pass 
into aldehydine more or less readily on warming with dilute hydro- 
chloric acid or acetic acid (Hinsberg and KoHer, JBer., 1896, 29, 
1497 ; Hinsberg and Funcke, loc. cit.). 

The aliphatic 1 : 2- diamines, in contrast to the aromatic diamines, 
do not appear to yield aldehydines ; hisazomethines are formed 
instead (Mason, Ber., 1887, 20, 276; Strache, ibid., 1888, 21, 2358). 

OtAer Reactions of 1 : 2-I)iamineSr — ^Aromatic orfAo-diamines 
react with nitrous acid in dilute aqueous solution containing some 
acid to 3 rield azimides (V) (Ladenburg, Ber., 1876, 9, 219, 1524). 

7 NH 


(V.) 

3 



Preparation of o-JMethylazimidobenzene . — dilute aqueous solution of 
sodium nitrite (1 moL proportion) is gradually added to a dilute aqueous 
solution of 3 : 4-toluyleiiediainine hydrochloride cooled to 0°. After a portion 
of the nitrite has been added, the brownish precipitate which separates is 
filtered ofi. The azimide separates from the filtrate as a white crystalline 
precipitate, m. p. 83'’, on adding the remainder of the nitrite {Koltine and Abt. 
^er., 1887, 20, 3001). 

Preparation of 4,-NitToazimidobenzene. — ^Th© calculated amount of sodium 
nitrite in aqueous solution is added to a solution of 3-nitro-o-phenylene- 
diamiae in very dilute hydrochloric acid cooled to 0°. The azimide separates 
as a dark yellow flocculent precipitate, which is collected and washed with 
water. It is crystallised from hot water — pale yellow needles, m. n. 211° 
(Zinke, Annalen, 1900, 311, 290). 

Osddation of aromatic oriAo-diamines in concentrated aqueous 
solution witli ferric chloride leads to the formation of a diamino- 
phenazine (VI) (Griess, J.pr. Chem., 1871, [ii], 3, 143 ; O. Fischer and 
Hepp, Ber., 1889, 22, 356). Should there be excess of free hydro- 
chloric acid present, this product may be contaminated with a 
bydroxyaminopbenazine (VEI) (UUmann and Mautbner, Ber 
1902, 35, 4302). 

If silver oxide or lead peroxide be used as the oxidising agent 
acting on a dry ethereal solution of o-pbenylenediamine, o-quinoue- 
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di-imine (VIII) appears to be formed. On warming or treating witli 
dilute bydrochlorie acid, diaminopbenazine results witb some 
2 : 2'-diaminoazobenzene (IX) (Willstatter and Pfannenstiel Ber 
1905, 38, 2348). ' 



Phosgene reacts with some o-diamines with the formation of cyclic 
ureas (Hartmann, Ber., 1890, 23, 1046), while the analogous cyclic 
thioureas result by heating salts of the diamines with ammonium 
thiocyanide or by heating the product of reaction with mustard 
oils (Lehmann, Annalen, 1885, 228, 249). 

(b) 1 : Z‘Aroniatic Diamines. — ^These diamines yield normal diacyl 
derivatives on heating with fatty acids ; bisazomethines are formed 
by reaction with aldehydes. Further, the me^a-diamines do not 
yield azines by condensation with 1 : 2-diketones. These diamines 
are therefore sharply distinguished from or^Ao-diamines. 

If it is attempted to diazotise m-phenylenediamines under con- 
ditions which succeed with monoamines, a more or less intense 
brownish coloration results. Under suitable conditions the reaction 
is very sensitive, and has been used for the estimation of small 
arnounts of nitrite (Griess, Ber., 1878, 11, 624 ; Preusse and Tiemann, 
ibid., p. 627). 2 : 4-Diaminotoluene and many other diamines 

behave similarly, exceptions being those m-diamines with a sub- 
stituent which is. ortho to both amino-groups (Cain, Chemistry of the 
Diazo-Compounds, 1908, p. 20), These yield normal bisdiazo- 
compounds. The formation of a bisdiazo- compound from m- 
phenylenediamine requires special conditions — an excess of nitror^ 
acid and of concentrated hydrochloric acid (Griess, Ber., 1886, 19, 
317 ; Tauber and Walder, ibid., 1897, 30, 2901). Even these con- 
ditions fail with some diamines (compare Lees and Thorpe, J., 1907, 
91, 1288). 

The reactions of aliphatic 1 ; 3- and other diamines are discussed 
on p. 299. 

(c) 1 : 4:-Aro7rKdic diamines resemble the meto-diamines in not 
yielding anhydro-bases or azines. Diazotisation of ^-diamines takes 
place more or less readily. Usually a mixture of mono- and bis- 
^azo-compounds results . The behaviour of ^-diamines on oxidation 
is characteristic. If the oxidation is effected by manganese dioxide 
and sulphuric acid or with dichromate and sulphuric acid, the pro- 
duct is a 5)-quinone (Hofmann, Proc. Roy. Soc., 1836, 12, 639; 
Meldola and R. E. Evans, Proc., 1889, 5, 115; Willstatter and 
Dorc^, Ber., 1909, 42, 2166; compare Nef, ibid., 1888, 18, 2806). 
Oxidation under milder conditions generally results in the formation 
of qumonoid compounds. Thus p-phenylenediamine in dry ethereal 
solution yields ^-benzoquinonedi-imine (X) by treatment with dry 
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silver oxide (Willstatter and Pfannenstiel, jBer., 1904, 37, 4605). 
When oxidation is effected in aqueous ammonia solution by ferri- 
cyanide or by molecular oxygen, a complex quinonoid compound — 

Bandrowski's ba^ (XI) ” — ^is formed {Ber,, 1894, 27, 480; Will- 
stMter and E. 3rlayer, ibid., 1904, 37, 1494). 

The tendency to yield quinonoid compounds on oxidation is 
doubtless responsible for the various colour reactions which have 
been described for _p- diamines. Thus the addition of ferric chloride 
to a solution of p-phenylenediamine mixed with a little aniline 
produces an intense green-blue coloration owing to the formation of 
indamine (XTT). The same product is formed by adding dichromate 
to equimoleeular proportions of ^-phenylenediamine in dilute acetic 
acid solution. If the oxidation is effected in presence of 2 molecular 
proportions of aniline, safranine (XIII) is formed. 


A" 

li !i 
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NH 

(X.) 
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(d) FoTTfiation of Cyclic Compovmds from Aliphatic Diamines , — 
The formation of anhydro-bases has already been referred to (p. 296). 
Another type of reaction is the production of cyclic imines when 
salts of the diamine are heated. This occurs very readily with 1 : 4- 
and 1 : 5-diamines. Thus pentamethylenediamine dihydrochloride 
(XIV) yields piperidine (XV) on heating, while tetramethylene- 
^amine dihydrochloride furnishes pyrrolidine (XVI) (Ladenburg, 
Ber,, 1885, 18, 3100 ; 1887, 20, 442). If the amino-groups are more 
remote from each other, oycHsation occurs, but the products appear 
to be anomalous. Thus octamethylenediamine dihydrochloride 
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furnishes w-butylpyrrolidiue (XVH) (Blaise and HouiUon, Compt. 
rend., 1906, 142, 1541 ; 143, 361). These authors suggest that deca- 
methylene imiue (KrafEt, Ber., 1906, 39, 2193) and heptanxethydene 
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imine (v. Braun and Muller, Ber., 1906, 39, 4110), which, have been 
prepared from the corresponding diamines, may also be substituted 
pyrrolidines. 

Ethylenediamine dihydrochloride, on the other hand, yields piper- 
azine (XVIII) as a product of distillation (Ladenburg and Abel, 
Ber., 1888, 21, 758), while trimethylenediamine dihydrochloride 
furnishes a mixture of P-methylpyridine (XIX) and trimethylene 
imine (Ladenburg and Sieber, Ber., 1890, 23, 2727). 

(3) Quaternary Ammonium Salts. 

The halide salts are derived by the addition of alkyl halides to 
tertiary amines, and are represented by the general formula 
RR'R"R'"'NT. They are salts derived from the corresponding 
quaternary ammonium hydroxides, which, in general, are strong 
bases readily soluble in water, turning red-litmus blue and com- 
bining directly with carbon dioxide. Determinations of the strength 
of the tetra-alkyl ammonium hydroxides show that they are approxi- 
mately as strong as the caustic alkalis (J. Walker and Johnston, J., 
1905, 87, 961 ; Bredig, Z. pJiys. Chem., 1894, 13, 300). 

Aqueous solutions of the quaternary ammonium hydroxides are 
obtained by treatment of the halides in aqueous solution with an 
excess of silver oxide, and subsequently removing the suspended 
silver halide and excess of silver oxide. In general, treatment of the 
quaternary ammonium salts with caustic alkalis is not suitable for 
the preparation of the quaternary ammonium hydroxides. If, 
however, conditions are so arranged that one of the products is 
precipitated, the free ammonium hydroxide can be obtaioed. 
Thus Walker and Johnston (loc. cit., p. 956) prepare tetramethyl- 
ammonium hydroxide by interaction of the chloride with caustic 
potash in absolute methyl alcohol. Crichton (J., 1907, 91, 1793) 
has employed the same method for the preparation of tetraethyl- 
and of tetrapropyl-ammonium hydroxides. Aqueous solutions of the 
ammonium hydroxides can also be obtained by treating the quatern- 
ary ammonium sulphate with the calculated amount of baryta 
solution. 

Quaternary ammonium hydroxides, in general, decompose on 
heating with the formation of tertiary amines. Thus tetramethyl- 
ammonium hydroxide yields methyl alcohol and trimethylamine. 
Alkyl groups other than methyl are split ojff as olefin. 

Dimethylpyrrohdinium hydroxide under similar treatment yields 
butadiene. This method has frequently been applied to the degrad- 
ation of cychc nitrogenous compounds. The following papers may 
be consulted : Willstatter, Annalen, 1901, 317, 230 ; Willstatter and 
Waser, Ber., 1911, 44, 3455. 

It must be noted, however, that all cychc quaternary ammonium 
hydroxides do not decompose to open the ring. Thus methyl 
kairolimum hydriodide yields methyl alcohol and kairoline (methyl- 
tetrahydroquinohne) on heating (Feer and Koenigs, Ber., 1885, 18, 
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2393), -n-MIe ethylmethylpiperidinium hydroxide ^d w-propyl- 
methylpiperidinium hydroxide furnish alkyl piperidines as the 
principal products on heating (Hofmann, Ber., 1881, 14, 660 ; v. 
Braun, Ber., 1909, 42, 2532). On the other hand, if benzylpiperidine 
or jsoamylpiperidine is subjected to exhaustive methylation, the 
ring is opened (Schotten, Ber., 1882, 15, 421). 

The quaternary ammonium salts also decompose on heating with 
the formation of a tertiary amine. Thus tetramethylammonium 
chloride yields methyl chloride and trimethylamine ; the acetate 
furnishes methyl acetate; the benzoate methyl benzoate and tri- 
methylamine. Higher alkyl groups are usually split off as olefiiis. 
This method of degrading quaternary ammonium compounds does 
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not appear to have been so extensively used as the decomposition 
of the hydroxide (Hofmann, An7iale?z, 1851, 78, 268; Lawson and 
CoUie, J.y 1888, 53, 624; Meyer and Lecco, Animlen^ 1876, 180, 
184; Lossen, ibid., 1876, 181, 377). 

(G2H5)4]ST.0H + H,0 

Quaternary ammonium salts with dissimilar alkyl groups can break 
dovTi in more than one way to furnish a mixture of products. While 
it is not possible in every case to predict with certainty the direction 
in which decomposition wiU principally occur, it appears that the 
methyl group is less readily eliminated than other alkyl groups. 
V. Braun {AnnaZen, 1911, 382, 5) gives the following order of ease of 
elimination : allyl > benzyl > ethyl > propyl > ^5oamyl > methyl. 

More recently, Ingold and his collaborators have studied the effects 
of constitution on the direction of decomposition of quaternary 
ammonium hydroxides of the type B-NlMeg-OH, Their results are 
of importance in that they appear to confirm the theoretical specul- 
ations of Ingold on the mech anis m of the reaction (Hanhart and 
Ingold, J 1927, 997 ; Ingold and Vass, ibid., 1928, 3125 ; Ingold and 
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Jessop, ibid., 1929, 2357; Hughes and Ingold, ibid,, 1933, 69, 523; 
Hughes, Ingold, and Patel, ibid., p. 526 ; Hey and Ingold, ibid., p. 66 * 
Ingold and Patel, ibid., p. 68). 

The decomposition of the ammonium hydroxides is of consider- 
able interest when apphed to the saturated cyclic quaternary 
ammonium hydroxides, for under suitable conditions it leads to the 
elimination of the nitrogen and the opening of the ring. Thus 
piperidinium dimethyl hydroxide (XX) yields (XXI) on heating. 
By combining this tertiary amine with methyl iodide and then heatiug 
the ammonium hydroxide derived from it, trimethylamine and 
(XXII) are formed (Hofmann, Ber., 1881, 14, 659 ; Ladenburg, ibid., 
1883, 16, 2058). This process is often designated ‘‘ exhaustive 
methylation.’’ 
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[ 1 in a column headed B. p. indicate that the substance is solid. The figures within 
the brackets give the m. p. 

Conversely, in a column headed M. p. the figures within the brackets give the 
b. p. of a liquid. 
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Table XVII, 
Tertiary Amines. 



B. p. 

M. p. 

Pi- 
crate. 
M, p. 


Trimethylamine 

— 

— 

215° 


Tiiethylamine .... 

89“ 

— 

173 

Methiodide, m. p. 117“; metho-p- 
toluene sulphonate, m. p. 139“. 

Pyridine 
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““ 
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Tiipropylamme 
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— 

75 


a-Kcoline .... 
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— 
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— 
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— 

— 
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— 
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Benzyl chloride "->m. p. 171°; 
metho-p-tolnene snlphonate, in.p. 
85°. 

Bimethylmesidine . 

213 

— 

— 

Bimethyl-w-toluidine 

215 

— 

— 

p-Nitroso-deriv., m. p. 84°; benzyl 
chloride— >ni. p. 104°. 

Diethylaniline , . . . ! 
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— 
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— 

— 


Dimethyl'p-chloraniline . 
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— 

— 


Quinolme .... 
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iodide, m. p. 172°; metho-p- 
tolnene snlphonate, m. p. 125°. 

tsoQnlnoline .... 
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24“ 

222 

Methiodide, m. p. 159°; metho-p- 
tolnene snlphonate, m. p. 163°. 

Qulnaldlne .... 

240 


191 

Mexcniichloride, m. p. 165°; di- 
chromate, m. p. 110°; metho-p- 
tolnene snlphonate, m. p. 161°. 

Dimethyl-p-bromaniline . 
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— 

— 

Dimethyl-a-naphthylaniine 
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— 

— 


Ethyl benzylamline , 

299 

— 

Ill 

p-Nitroso-deriv., m. p. 62°. 

Dimethyl-2 : 4 ; 6-tribroiiianiline 

301 

— 

— 

Drmetl^l-^naphthylaniiiie 

305 

— ^ 



Diiofithyl-m-iiitraiiiline . 

— , 

60 

— 


Dibenzylanilme 


70 

131 

p-Nitroso-deriv., m. p. 91°. 

Diethyl-2 : 4-dmitianilme . 

— 

80 

— 

DiiiKthyl-2 : 4-(lmitrani]iiie 


87 




-yofe.” ror details of the preparation of metho-p-toluene snlphonate, see p. 272. 
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CHAPTER Vin 


Nrmo- ASD lOmOSO-COMPOXJITPS 

(1) Xitro -substituted Hydrocarbons and their Derivatives* 

(а) Reduction. 

1. Formation of jS-Hydroxylamines, 

2. Formation of Primary Amines. 

3. Formation of A^oxy-, Azo-, and Hydrazo -Compounds. 

(б) Action of Alkali. 

(c) Special Reactions of Primary and Secondary Nitro-Compounds. 

(2) Nitramines. 

(3) Nitroso-Compounds. 

{a) G-Nitroso-Compounds. 

(&) A^-Nitroso-Compounds. 

1. Nitrosamines. 

2. Nitroso Amides. 

(1) Nitro-snbstituted Eydrocarhons and their Derivatives. 

In this group of compounds, the nitrogen of the nitro-group 
-NOg is attached directly to the carbon. The general formula 
7 C-N 02 represents such compounds, of which three types are 
possible : primary, of the.general formula secondary, 

RR'CH*N02 ; tertia^, RR'R"C'N02. Although these may be dis- 
tinguished by special reactions, they all have one reaction in 
common : the reduction to primary amines. 

(a) Beduction. 

By a suitable choice of experimental conditions, it is possible to 
obtain either amines or p-hydroxylamines as the primary product 
of the jeduction of nitro-compounds. Other classes of compounds 
can also be obtained, but they result from secondary reactions 
during the course of the reduction. 

R-NOa ^ R-NH'OH ^ R-NHa. 

1. Formation of ^’Eydroxylamines. — ^-Hydrosylamines are formed 
to a smaller or greater extent — obviously depending on the experi- 
mental conditions — by the reduction of nitroparafGbus with stannous 
chloride and hydrochloric acid (compare E. Hoffmann and V. Meyer, 
Ber., 1891, 24, 3531 ; Ziiblin, ibid., 1877, 10, 2083). They are also 
formed by the electro-reduction at room temperature of alcoholic 
solutions of nitroparaffios containing sulphuric acid (Herron, Bull. 
Soc. chim., 1899, [iii], 21, 780). Bamberger’s process — ^the use of 
zinc dust and aqueous ammonium chloride — ^is a convenient method 
■svluch is very largely used for the preparation of p-arylhydroxyl- 
amines. 
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Preparation of '^-Methylhydroxylamine. — ^Zinc dust (275 g.) is added gradu- 
ally to a mecliamcally stirred mixture of nitromethane (100 g-)> arnmonixim 
chloride (60 g.), and 800 c.c. of water cooled by an external bath of ice-water. 
The temperature of the reaction mixture should be kept between 0° and 15°, 
and the addition of the zinc dust should take about 2 — 3 hours. "When the 
reaction is complete, the paste of zinc and zinc oxide is collected by filtration, 
the filtrate neutralised with hydrochloric acid and then evaporated on a water- 
bath till it solidifies on cooling. The hydrochloride of methyl hydroz^lamine 
is isolated therefrom by extraction with absolute alcohol and then adding ether 
to the clear solution (Beckmann, Annalen, 1909, 365, 204). 

Preparation of ^-PlienyUiydroxylamine. — A suspension of nitrobenzene (60 g.) 
in 1500 c.c. of water containing 30 g. of ammonium chloride is stirred mechanic- 
ally and zinc dust (80 g.) added gradually over a period of f hour, the temper- 
ature of the mixture being maintained at about 15° throughout the reduction. 
After about 1 hour, the precipitate is collected and phenylhydroxylamine 
precipitated from the filtrate by the addition. of 400 g. of salt. The crude 
phenylhydroxylamine is collected, dried on a porous tile, and purified by 
crystallisation from benzene, m. p. 81° — ^yield 50 g. (Bamberger, Ber., 1894, 
27, 1548). 

This method can be applied to other mononitro -derivatives of 
homologiies of benzene, and the ammonium chloride may be replaced 
by calcium chloride or magnesium chloride. Other methods of 
reducing nitro-compounds to hydroxylamines include the action of 
aluminium amalgam on a moist ethereal solution of the nitro- 
compound (H. WisLLcenus, Rer., 1896, 29, 494) or the use of zinc 
amalgam (Bamberger and M. Emecht, ibid,, p. 864), or ammonium 
hydrogen sulphide (Willstatter and Kubli, ibid., 1908, 41, 1936). 

elegant modification of Willstatter and Kubli’s method has been 
worked out by Lapworth and Pearson (J., 1921^ 119, 765) and by 
R. D. Haworth and Lapworth {ibid., p. 768). This method is 
illustrated by the following examples. 

Preparation of ^-Phenylhydroxylamine. — ^The reageut for the reduction is 
prepared by adding 10-5 c.c. of concentrated hydrochloric acid to a solution 
of 27*6 g. of J^aaSjSH^O in 21-8 c.c. of water, cautiously by the aid of a long 
funnel, the lower end of which reaches to the bottom of the solution. The 
solution is contained in a long cylinder and is stirred continuously during the 
addition of the acid. 

For the purpose of reduction, the reagent thus prepared is transferred to a 
stopj^red bottle containing 5 g. of nitrobenzene and a solution of 6 g. of calcium 
chloride dissolved in the mim’rmim quantity of water. The mixture is shaken 
vigorously to cause an emulsion, keeping the temperature of mixture below 
30°. It is shaken occasionally to maintain the emulsion. The liquid becomes 
thicker and the colour gradually darkens to deep orange. It is exa min ed 
at frequent intervals with a lens to ascertain when the oily drops have dis- 
appeared. When this phase is reached — usually after 1 J hours^ — 6 g. of am- 
monium chloride are added and the mixture is shaken to completely dissolve 
the inorganic matter. The precipitate of crystalline jS -phenylhydroxylamine 
is collected — ^yield 72 — 74% of theoretical (Pearson and Lapworth, loc. cit.). 

When solid nitro-compoimds are used benzene is used as a solvent. 

PrepareUion of P-^-ChZorophenylhydroxylamine. — solution of 11 g. of 
p-chloronitrobenzene in 15 c.c. of benzene is mixed with 115 of sodium 
hydrogen sulphide solution and the whole emulsified by shaking with a solution 
of 10 g. of calcium chloride in water. The temperature is kept below 30° 
by external cooling. After about 1 J hours, 10 g. of solid ammonium chloride 
are added, t^ mixture is shaken and filtered. Almost pure p-chlorophenyl- 
hydroxylaonine is thus obtained. It is purified by crystallisation from benzene, 
m. p. 86 — 87° — yield 6*5 — 7 g. (Haworth and Lapworth, loc. cit*). 
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These methods of obtaining hydroxylamines are not altogether 
satisfactory when applied to dinitro-compounds, to nitranilines, or 
to nitrophenols (Cohen and McCandlish, J., 1905, 87, 1257). 

2. Formation of Primary Amines . — ^Reduction of nitro- compounds 
can be achieved by the use of acid reducing agents such as tin and 
hydrochlorie acid, stannous chloride and acid, zinc and hydro- 
chloric acid, iron with either hydrochloric acid or acetic acid. 
Other reducing agents sometimes used are alkali sulphides, titanous 
chloride, or zinc dust in boiling aqueous alcohol containing 
ammonium chloride. 

The reducing agent most commonly employed for laboratory 
purposes is tin and hydrochloric acid. In order to provide the 
requisite amount of hydrogen for the reduction after taking into 
account the reducing action of the stannous chloride which is 
formed, it is necessary to use at least 1^5 atomic proportions of tin 
for every nitro-group. In practice, at least 1 J times the theoretical 
quantity of fin is used. 

The general method of procedure is to add concentrated or 
moderately concentrated hydrochloric acid to a mixture of the 
nitro-compound and granulated tin. It is advisable to moderate 
the violence of the reaction so as to prevent the partial elimination 
of the nitro-group as ammonia. When the reaction is complete, a 
double compound of the amine hydrochloride and tin chloride may 
separate. The method adopted for the isolation of the product 
depends largely on the properties of the amine formed. If it is 
volatile in steam it is usually isolated by adding an excess of con- 
centrated alkali and distilling in steam. An alternative method, 
applicable to any amine soluble in ether, is to add sufdcient alkali 
to dissolve the tin hydroxides and thgn to extract with ether. 
This process has the disadvantage that troublesome emulsions may 
be formed. A more convenient method is to precipitate the tin, 
after diluting and partially neutrahsing, by saturating the solution 
with hydrogen sulphide. When the solution is free from tin, it is 
filtered and evaporated, and the free base isolated by addi^ an 
excess of alkali. 

With very sparingly soluble nitro- compounds it is sometimes 
advantageous to add some acetic acid or alcohol to facilitate the 
reduction. 

In place of tin and hydrochloric acid, a solution of stannous 
chloride in hydrochloric acid may be used, the nitro-compound 
being dissolved in a suitable solvent. This form of reduction has 
the advantage that with dinitro- and trinitro- compounds a selective 
reduction of one nitro-group can be effected by adding the cal- 
culated amoimt of the reducing agent. Thus 2 : 4-dinitrotoluene 
yields 4-rdtro-o-toluidine (Anschutz, J5er., 1886, 19, 2116), while 
2 ; 3-dinitrotoluene furnishes 2-nitro-w-toluidine, On the other 
hand, 3 : 4-dinitro- and 2 : S-dinitro-toluenes yield mixtures of 
nitroamines under the same conditions (Kenner and Burton, J., 
1921, 119, 1051). 

The reduction of aromatic nitro-compounds by tm and hydro- 
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cMoric acid has the disadvantage that the product may contain 
smaller or greater amounts of chlora-suhstituted amine. This 
applies also when zinc and hydrochloric acid are used. Thus Kock 
{Ber,, 1887, 20, 1567) found that considerable amounts of p-chloro- 
aniline were produced by the reduction of nitrobenzene with zinc 
and hydrochloric acid. When ^-nitrophenetole is reduced with tin 
and concentrated, h^^ochloric acid a 90% yield of 3-chloro-p- 
phenetidine is obtamea if the reaction is allowed to proceed without 
cooling. If, however, diluted hydrochloric acid is used, p-phenet- 
idine results without any chloro-substituted amine (Hurst and 
Thorpe, 1915, 107, 934; compare Fittig, Rer., 1875, 8, 15; 
Reilstein and Kuhlberg, Annalen, 1870, 156, 81 ; Jannasch, ibid., 
1875, 176, 55). Apparently the production of chlorinated amines 
can be effected without using hydrochloric acid, for de Klewiet and 
H. Stephen (*/., 1931, 82), using a solution of stannous chloride in 
acetic anhydride as the reducing agent, found that nitrobenzene 
yields p-chloroacetanilide as the principal product, o- and m-Nitro- 
toluenes and o-nitroanisole and o-nitrophenetole behave similarly. 
p-Nitrotoluene, p-nitroanisole, and p-nitrophenetole are smoothly 
reduced without the formation of halogen-substituted products, 

FreparoMon of p-Ohloroacetanilide from Nitrobenzene . — Crystalline stannous 
cliloride (3*6 g. — 3 mols.) is treated with acetic anhydride (4*6 g. — 9 mol^.) 
in a daisen flask. When dehydration is complete (see Stephen, »/., 1930, 
2786) nitrobenzene (0*6 g., 1 mol.) is added and the mixture heated till a clear 
yellow solution is obtained. The acetic acid is removed under reduced pressure 
and the residue treated with water till a clear solution is obtained. On cooling, 
p-chloroacetanilide is obtained in almost theoretical yield, m. p . 1 7 5° (de Edewiet 
and Stephen, loc. cit.). 

It sometimes happens that the use of tin and hydrochloric acid ' 
may result in the removal of halogen when halogen-substituted 
mtro-aromatic compounds are reduced. Thus 4-bromo-l : 3-di- 
nitrobenzene gives m-phenylenediamine. The use of iron and a 
small amount of hydrochloric acid, however, gives the normal 
reduction product — l-bromo-2 : 4-phenylenediamine (Zincke and 
Sintenis, Ber., 1872, 5, 792; Morgan, 1900, 77,. 1202; compare 
Blanksma, Rec. trav. chim., 1905, 24, 320). 

When the nitro-compound is sensitive to the action of warm 
mineral acids, or if it is desired to avoid the formation of undesirable 
by-products iron and acetic acid or some similar acid may be used 
very conveniently for the reduction. This method appears to have 
been used first by Bechamp {Annalen, 1854, 92, 401) for the 
reduction of nitrobenzene and nitronaphthalene. In addition, iron 
may be used for reduction in conjunction with only a small quantity 
of dilute hydrochloric acid. 

Freparation of Formyl-p-phenylenediamine.- — p-Nitroformanilide (20 g.) is 
suspended in 70 e.c. of hot water containing 1 g. of formic acid. Iron borings 
(20 g.) are slowly added. The reduction is complete after about 40 minutes. 

1 G. of calcium carbonate is then added and the precipitate of iron hydroxides 
rapidly filtered from the boiling solution. The filtrate dejwsits 6 ^ — 7 g. of 
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formyl-y-phjenylenediamine on cooling. The remainder is obtained by evapor- 
ating the solution. The base is piirified by extraction with bemsene in a 
Soxhiet apparatus, m. p. 125 — 126° (Morgan and Upton, J., 1917, 111, 190). 

Preparation of Berizoyl-o-plimylenediamine, — ^Iron borings (60 g.) and 5% 
aqueous acetic acid (65 c.c.) are warmed togcfher in a dish till the evolution 
of hydrogen has slackened somewhat, when 24 g. of benzoyl o-nitraniline 
are added in small quantities, the mass being well stirred. When all the nitro- 
compound has been added the reaction mixture is heated on a water-bath for 
1 hour, and then neutralised with sodium carbonate. After cooling, it is 
filtered and the solid residue extracted with alcohol. Evaporation of the 
alcoholic extract furnishes benzoyl-o-phenylenediamine (F. H. \Yitt, Ber,, 
1912, 45, 2382). 

Preparation of l-Bromo-2 : 4:-diaminobenzene. — ^An excess of iron filings is 
slowly added to 40 g. of l-bromo-2 : 4-dinitroben2ene suspended in 400 c.c. 
of hot water acidified with 5 c.c, of concentrated hydrochloric acid. The 
mixture is shaken continually during the operation. The dinitro-compound 
gradually disappears, the solution darkens, and considerable heat is developed, 
400 c.c. of cold water being added during the reduction to moderate the re- 
action. WTien the nitro-eompound has gone, the mixture is heated on a sand- 
bath and 10 g. of sodium carbonate are added. The solution is then rapidly 
filtered and the precipitate of oxides of iron and unchanged iron is washed 
with 100 c.c. of boiling water. The total filtrate is cooled in ice and salt. 
After several hours, the bromodiamine separates — yield 14 — 15 g. A further 
amount is obtained by extracting the aqueous solution with chloroform. The 
amine separates from benzene as irregular clusters of acieular prisms, m. p. 
111—112° (Morgan, J., 1900, 77, 1204). 

The use of iron borings and dilute hydrochloric acid jfinds appho- 
ation in the industrial reduction of nitro-eompounds, but in this 
case only a fraction of the theoretical amount of hydrochloric acid 
is needed. Although several explanations have heen advanced to 
account for this, the most satisfactory appears to be that of Raikow 
{Z, aTigew, Chem., 1916, 29 , i, 196, 239), who represents the course 
of the reduction by the following equations : 

3Fe + 6Ha + PhNOg — > SFeCl^ + PhNH^ + 2 H 2 O 
BFeCL + 2H^O — ^ [3Fe(OH)2 + 6Ha] 

[3Fe(OH)2 + 6Ha] + 3Fe + PhNO., — > 

3Fe(OH); + SFeClg + PhNHa + H^O 

The reduction is therefore dependent on the hydrolysis of ferrous 
chloride. In support of this view, it has been found possible to 
reduce nitro-compounds with iron and aqueous solutions of such 
salts as magnesium chloride or ferric chloride. Even potassium 
or sodium chloride can serve as the source of chloridion (Lyons and 
L. T. Smith, Ber., 1927, 60, 173 ; Bretniitz and Pensa, Z., 1927, ii, 
243). 

The sulphides and polysulphides of the alkah metals and of 
ammonium can reduce aromatic nitro- compounds to amines, a 
reaction which appears to have heen first employed by Zinin ( J. 
pr. Ghem.y 1842, [i], 27 , 140; AnnaUn, 1842, 44, 283). 

Eeduction with ammonium sulphides is generally effected by 
solution of the nitro-compoimd in aqueous alcoholic ammonia and 
subsequent saturation with hydrogen sulphide. Under these con- 
ditions mononitro-compounds are reduced but slowly at room tern- 



316 


REACTIONS OF ORGANIC COMPOUNDS 


perature (compare Colien and McCandHsli, e7., 1905, 87, 1257). 
Dinitro-compounds react more readily, and this process is generally 
applied to them, more particularly for the reduction of one of the 
aitro-gronps. Thus m-dinitrobenzene is smoothly reduced to m- 
mtraniline ; 2 : 4-dinLtrotoluene yields 2-nitro-p-toluidine. In 

general it appears that a nitro-group having some substituent 
(yrtho to it is less easily reduced than others not so situated, but to 
this generalisation there are many exceptions. Thus picric acid 
gives picramic acid (I) (Girard, Anrialen, 1853, 88, 261), while 
2 : 4-dinitraniline gives a mixture of 4-nitro-o-phenylenediamine (11) 
and 2-nitro-p-phenylenediamine (III) (Kehrmann, Ber., 1895, 28, 
1707). The use of ammonium sulphide has the disadvantage that 
if the nitro-group is labile, it may suffer replacement as in 2 : 3-di- 
nitrotoluene (IV), which gives dmitroditolylsulphide (Kenner and 
Parkin, J., 1920, 117, 857). 



Preparation of ixi-Nitraniline from m-Dinitrohenzene. — solution of 20 g. 
of w-dinitrobenzene in 100 g. of boHmg alcohol in a round-bottomed flask is 
cooled and 17*5 c.c. of 24% aqueous ammonia are added. The flask and its 
contents are weighed, and then hydrogen sulphide passed in till the solution 
is saturated. It is then heated under reflux for J hour in a boiling water-bath. 
Repeat the operation of saturating with hydrogen sulphide and heating under 
reflux till the increase in weight is 12 g. The solution is then diluted with 
water and the precipitate which is thus obtained is collected and extracted 
repeatedly with dilute warm hydrochloric acid. The combined acid extracts 
are rendered alkaline by the addition of ammonia. m-Nitraniline is liberated, 
and after collection by filtration, it is purified by crystallisation from water, 
m. p. 114°. 

Preparation of 3 : 5-DinitraniUne from 1:3: 5-Trinitrobenzene. — solution 
of alcoholic ammonium sulphide is prepared by passing hydrogen sulphide 
into a mixture of 100 g. of absolute alcohol and 54 g. of concentrated ammonia 
till the concentration of hydrogen stilphide is 7*7% by weight. The solution 
so prepared is added to a solution of 15 g. of trinitrobenzene in 300 c.c. of 
vigorously boiling alcohol and the mixture boiled for 1 J hours. After cooling, 
the sulphur is coUeeted by filtration, the alcohol removed by distillation, and 
the residue extracted several times with hot water under reflux — yield 7 g., 
m. p. 164 — 157° (Pltirsheim, J. pr. Chem., 1905, [ii], 71 , 537). 

Preparation of 4-Nitro-2-aminomethylaniline. — 2 : 4-Dimtromethylaniline 
(5 g.) is added to a mixture of pyridine (50 c.c.) and concentrated ammonia 
(5 c.c.). The suspension is saturated with hydrogen sulphide and then 
warmed to 100°. The current of the gas is continued for 2 hours, when as 
much as possible of the pyridine is removed by distillation under reduced 
pressure at 100°. The residue is shaken with 100 c.c. of water and the red 
solid obtained is washed with water and repeatedly extracted with small 
quantities of boiling 2f^-hydroehloric acid. 'The extracts are concentrated 
to 100 C.C., cooled to 0°, and made alkaline with ammonia. The precipitated 
base is recrystallised from hot water (Brady, Day, and Reynolds, J"., 1929, 
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PrejKiration of Kitroynesidine from JDinitromesitylene. — A solution, of crystal- 
line sodium sulpidde (6 g.) and sulphur (0*8 g.) in 15 c.o. of water is ^ded, 
over a period of 2 hours, to a mechanically stirred suspeiision of 5 g. of dinitro- 
mesitylene in IS c.c, of boiling water. The reduced product is poured into 
20 c.c. of cold water and acidified with dilute hydrochloric acid. The pre- 
cipitated sulphur is extracted several times with dilute hydrochloric acid. 
The combined filtrate and extracts yield nitromesidine on adding an excess 
of dilute ammonia, m. p. 73° (Morgan and Davies, J 1923, 123, 231 ; compare 
Flxirsheim, J.S.CJ., 1912, 31, 66). 

Ferrous sulphate in alkaline solution has been used successfully 
for the reduction of nitro-compounds — ^particularly acids — which 
are sensitive to the action of acid reducing agents. Thus it has 
been used for the reduction of the nitro-group in nitrobenzoylformic 
acid (Claisen and Thompson, Ber.^ 1879, 12, 1946), o-nitrophenyl- 
propiohc acid, nitrohenzaldehyde, and the nitro-cinnamic acids 
(Baeyer and Bloem, Ber., 1882, 15, 2147 ; Gabriel, ibid,, p. 2294 ; 
Bamberger and Demuth, ibid, 1901, 34, 1330 ; Stoermer and Hey- 
mann, ibid,, 1912, 45, 3102). The following general directions are 
given by Jacobs and Heidelberger (J. Amer. Chem. Soc,, 1917, 39, 
1435) for this purpose. 

A solution of the substance in dilute ammonia, or in the case of amides 
a suspension in water or dilute ammonia, is poured into a boiling solution of 
7 mol. equivalents of crystalline ferrous sulphate in 2 — 2 5 parts of water. 
The solution is then treated with small portions of concentrated amm onia, 
each addition being followed by a vigorous agitation of the mixture. When 
the solution is distinctly alkaline it is boiled for 5 minutes and filtered hot under 
suction, more ammonia being added if it is no^ longer alkaline. The sub- 
sequent treatment depends on the substance which is being reduced. Some 
g.Tnin o-nnTnpn- nD dfi separate on cooliug the filtrate. If the product is an amino - 
acid it is usually necessary to concentrate to a small bulk under reduced pres- 
sure and then to acidify with acetic acid. 

A method of reduction which has been employed successfully for 
the reduction of nitro-acyl amines and nitro-ketones is to heat the 
nitro- compound in aqueous alcoholic solution conta in ing some 
ammonium chloride with zinc dust. 

Reduction of the ^~PoluenesyZphonyl Derivative, of itro-^^Tnethylnaphthyl- 
amine , — ^The nitro-compound (20 g.) is suspended in a m^ure of 200 c.c.^ of 
alcohol and 20 c.c. of water containing 4 g. of ammonium chloride. Zme 
dust (27 g.) is added and the solution boiled for 2 hours. After filtration 
to remove suspended matter, the base is precipitated by the addition of water 
to the filtrate. It separates from alcohol in transparent prisms, m. p. 140 — 
141° (Morgan and Micklethwait, J,, 1912, 101, 151 ; compare Morgan and 
Hickinhottom, ibid., 1921, 119, 1883), 

Titanous chloride has been used for the reduction of nitro-groups 
in the aromatic nucleus and also for the selective reduction of 
dinitro-compounds (F, Sachs and Sichel, Ber,, 1904, 37, 1862). Its 
principal use is for the estimation of nitro-groups (E. Knecht, Ber,, 
1903, 36, 166; Knecht and,E, Hibbert, ibid., p. 1549). 

In addition to the methods of reduction discussed above, reduc- 
tion of nitro-compounds to amines has also been eiBEected by cata- 
lytic methods. The reduction of nitrobenzene and its homologues 
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in the vapour phase by hydrogen has been the subject of numerous 
patents. Metallic copper, ferrous oxide, iron, gold, silver, nickel, 
and platinum are claimed to be suitable catalysts for this purpose. 
For laboratory preparations, hydrogenation in the liquid phase is 
more suitable. The reduction may be effected in ethereal or 
alcoholic solution using platinum-black and molecular hydrogen 
(Cusmano, AUi B, Accad, Lined, 1917, [v], 26, ii, 87 ; Brand and 
Steiner, Ber., 1922, 55, 875; R. Adams, F. L. Cohen, and Rees, 
J. Amer. Chem. JSoo,, 1927, 49, 1093). The intermediate phase in 
this reduction appears to be a P-aryUiydroxylamme. The method 
has been applied to the selective reduction of dinitro-compounds 
(Vesely and Rein, A,, 1927, 757). 

Some aliphatic primary and secondary nitro-compounds yield 
appreciable amounts of an aldehyde or ketone in addition to the 
corresponding amine by reduction with zinc or tin and hydrochloric 
acid. Thus nitrocyeJohexane is converted by these reducing agents 
into a mixture of aminoc^/eZohexane, ammonia, and c^/eZohexanone 
(Markovmkoff, Annalen, 1898, 302, 18, 22 ; compare WaUach, 1904, 
336,3; 332,323). 

Tke formation of a carbonyl compound is effected more com- 
pletely by adding a solution of the alkali salt of the nitro- compound 
to a cold solution of stannous chloride in fuming hydrochloric acid 
and subsequently steam distillating. The reaction is due to the 
reduction of the isonitro-compound to an oxime, which then under- 
goes hydrolysis by the action of the excess of acid during the 
distillation (Konovaloff, J. Russ. Phys. GJiem. Soc., 1899, 30, 960). 

njr ^ Q 

RR'C:N0-0H RRU:N0H RR'CIO + NHgOH, 

If the mixture is carefully neutralised with sodium carbonate 
after the reduction is complete, the oxime can be isolated (v. Braun 
and Sobecki, Ber., 1911, 44, 2533; v. Braun and Kruber, ibid., 
1912, 45, 3^)- Other methods which have been used for the 
reduction of i^onitro- compounds to oximes include the action of 
sodium amalgam at low temperatures (Bamberger and Weiler, J. 
pr. Chem., 1898, [ii], 58, 333), zinc dust in alkaline solution, or 
alummium amalgam, or sodium and alcohol (Hantzsch and 0. W. 
Bchultze, Ber., 1896, 29, 2252). 

3. FormaMon of Azoxy-, Azo-, 0nd Hydrazo-compounds. — ^In the 
processes for the reduction of Somatic nitro-compounds so far 
discussed, the action has been to produce an amino- compound or a 
hydroxylamine. By choosing suitable conditions, products can be 
obtained containing two aryl groups, such as azoxy-compounds 
R*NOIN*R, azo-compounds B*N!N*R, and hydrazo-compounds 
R*NH*NH‘R. In general, such compounds are formed by reduc- 
tion in alkaline media, or at least in the absence of iree acids.* 

f It is, however, possible to prepare some azoxy-compounds by reduction 
with stannous chloride and acid under suitable conditions (Fluracheim, 
J. pr. Chem., 1905, [ii], 71, 514; compare also E.^Seller, ibid., 1908, 41, 2690). 
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The production of compounds of this type appears to be due to the 
intermediate formation of nitro-compounds and p-hydroxylamines 
which undergo condensation to azoxy-compounds. 

R*XO ^ R-XHOH — E-N:X0-R + H^O. 

Reduction of the azoxy-compound to azo- and hydrazo-compounds 
then takes place fairly easily under stdtable conations. An excel- 
lent summary of the general conditions governing this type of end 
product in the reduction of nitro-compounds is given by Sidgwick 
{Organic Chemistry of Nitrogen^ pp. 155-162). 

Xitrobenzene is reduced by the action of boiling alcoholic potash 
yielding azoxybenzene (Zinin, J. jgr. Chem., 1845, [i], 36, 98; H. 
Schmidt and G, Schultz, Anruilen, 1881, 207, 328). 

4Ph-X02 + SXaOCHg 2Ph-XO:N-Ph + 3NaOOC*H + 

Preparation oj Azoxybenzene . — A mixture of 200 g. of methyl alcohol, 40 g. 
of sodium hydroxide, and 30 g. of nitrobenzene are boiled under reflux for 
several hours till a portion of the solution no longer smells of nitrobenzene 
when it is diluted. The solvent is then distilled ofl and the residue poured 
into water. The crude azoxybenzene is deposited as a dark oil, which soon 
solidifles. It is washed several times with water and then drained on a porous 
tile. It crystallises from methyl alcohol as pale yellow needles, m. p. 36° 
yield about 80% of theory (Klinger, jBer., 1882, 15, 865; Lachmann, J. Amer. 
Chem. SoG.f 1902, 24, 1180). 

The yield of azoxybenzene is stated to be improved if the nitro- 
benzene is heated with an excess of dry sodium methoxide sus- 
pended in xylene (Bruhl, Ber., 1904, 37, 2076). 

The preparation of other azoxy-eompoxmds by reduction of tbe 
nitro-compound with sodium alcoholate is restricted in its applic- 
ation. Thus p-nitrotoluene yields stilbene derivatives (O. Fischer 
and Hepp, Ber., 1893, 26, 2231); p-nitrophenetole suffers partial 
replacement of the ethoxy-group by the action of sodium methoxide 
(Gattermann and Ritschke, Per., 1890, 23, 1738). o- and ^-Nitro- 
chlorobenzenes yield the corresponding azoxy-compounds by this 
method if suitable conditions are chosen, otherwise there is a more 
or less complete replacement of the halogen (Willgerodt, Ber., 1882, 
15, 1002; Brand, J. pr. Chem., 1903, [ii], 67, 145; compare also 
Klinger and Pitschke, Ber,, 1885, 18, 255 ; Lobry de Bruyn, Bee, 
trav. chim.y 1885, 2, 235). 

Azoxybenzene can be prepared from nitrobenzene by the use of 
magnesium amalgam and alcohol. This method can be applied to 
the preparation of the azoxy-toluenes from the corresponding nitro- 
compounds (Evans and Fry, J. Amer. Chem. Soc., 1904, 26, 1161). 
Calcium and alcohol has al^ been used as a reducing agent for this 
purpose (Beckmann, Ber., 1905, 38, 904). 

Some aminoazoxy- compounds have been prepared by the reduc- 
tion of nitro-amines with sodium amalgam and alcohol (Buckney, 
Ber., 1878, 11, 1452; limpricht, ibid., 1885, 18, 1405), or with 
zinc dust and alcoholic ammonia (Mixter, J. Amer. Chem. Soc., 
1883, 5, 1, 282), 
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Aqueous sodium arsenite has been found to be effective for the 
reduction of nitrobenzene and nitrobenzenesulphonic acids to 
azoxy-compounds. p-Nitrotoluene, however, is reduced to ;2>-tolu. 
idine, while o-nitrotoluene is not affected (Losner, J, pr. CJiem., 
1894, [ii], 50, 564; Snowdon, J. phys. Chem,, 1911, 15, 842). 


Preparation of Azoxybenzene. — A mixture of 25 g. of nitrobenzene, 30 g. 
of arsenious oxide, 40 g. of sodium hydroxide, and 400 e.c. of water is boiled 
under reflux and stirred mechanically for 8 hours. The oil is then separated 
from the aqueous layer, washed with water and dilute hydrochloric acid, and 
steam distilled. Nitrobenzene passes over first, followed by azoxybenzene — 
yield 60 — 70% of theory (Losner, loc. cit.). 

A method of fairly general application for the preparation of 
azo-compounds from nitro- compounds is the use of alkalme stannite 
solution (Witt, Ber,, 1885, 18, 2912). The method consists in 
dissolving the necessary amount of stannous chloride in an excess 
of sodium hydroxide and then adding the clear solution to the 
nitro-compound in alcohol; or the nitro-compound can bo sus- 
pended in the alkaline solution, while it is stirred and heated on a 
water-bath under reflux. When the reduction is complete, the 
unchanged nitro-compound is distilled off in steam, and the azo- 
compound collected by filtration. 

Azo-compounds are also formed by the reduction of nitro-com- 
poimds with zinc dust and alkali, usually in presence of alcohol. 
Under these conditions, hydrazo-compounds are also formed, but 
as they are readily oxidised in air, it is possible to use the process 
either for the preparation of hydrazo- or of azo-compounds 
(Alexejeff, Jahresb., 1868, 740). 

Preparation of Hydrazobenzene , — ^Nitrobenzene (50 g.), alcohol (50 g.), and 
a solution of 54 g. of sodium hydroxide in 200 c.e. of water are mixed in a 
round-bottomed flask fitted with a reflux condenser and a mechardcally driven 
stirrer fitted with a mercury seal. While the mixture is stirred vigorously, 
zinc dust is added through the condenser or through a special tube fitted with 
a cork. The zinc dust should be added in amounts of about 3 — 4 g. at a time, 
and the rate of addition should be regulated so that the reaction mixture 
does not unduly froth. The reaction is continued till the red colour of the 
solution has become a pale yellow. The reaction mixture is then diluted with 
water (1 1.), the precipitate of zinc residues and hydrazobenzene collected by 
filtration and washed with water till free from alkali. The hydrazobenzene 
is then extracted from the precipitate by boiling alcohol (750 c.c.) under reflux. 
After filtering, the filtrate is cooled in a freezing mixture. Hydrazobenzene 
separates as colourless plates, m. p. 125®. A further amount may be obtained 
by using the mother-liquor for the further extraction of the zinc residues. 

(b) Action of Alkali. 

Although the nitro-paraffins are neutral compounds, those of the 
general formula EE'CH-NO^ can yield, by reaction with aqueous 

al k al i, sodimn salts represented hy the general formula EEUIN^q^^. 

This serv^ to distinguish primary and secondary nitro-compouhds 
from tertiaiy which are incapable of forming such salts. On 
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acidification, the salts derived from, primary and secondary nitro- 
compounds liberate the aci- or isonitro-form ER'CIN<^qj£, which 

on keeping reverts more or less readily to the original neutral 
nitro-compound 

RR'C:X<2g — > RR'CH-XOa- 

In the aliphatic series the change of aci-iorm to nitro-compound 
proceeds so rapidly that the free aci-form cannot be isolated, 
although it has been followed, for nitromethane, by measurements 
of the conductivity (Hantzsch and Veit, Ber., 1900, 32, 607). The 
conversion of the aci-form of aryl-substituted nitroparafOns to the 
neutral nitro-compound is sufficiently slow to allow of the isolation 
of many of them in both forms. Thus, by adding an excess of 
dilute mineral acid to an ice-cold solution of the sodium salt of 
the aci-form of phenyinitromethane, the free isonitro-compound 
Ph-GHIXO(OH) is obtained as a white crystalline solid, m. p. 84°. 
This substance differs from the neutral form of phenyinitromethane 
in giving an intense red colour with ferric chloride and a brownish - 
red copper salt with cupric acetate in aqueous alcoholic solution. 
The solid fsonitro-compound changes to the normal form on keep- 
ing, and the change can be followed by periodical measurements of 
the conductivity. Thus the sodium salt derived from phenyi- 
nitromethane and the equivalent amount of hydrochloric acid at 
0° gave the following values for the conductivity, v = 64, 

Time (in mins.) 3 o 20 60 95 145 180 

^ 69-6 68*1 67-0 63-7 62*7 62*1 62*0 

The final value is that of sodium chloride (Hantzsch and Schultze, 
Ber,, 1896, 29, TOO). Both forms of xylyhiitromethane (3 : 5-di- 
methylphenylnitromethane) are known. The ^-sonitro-compound 
separates as white needles, m. p. about 63°, by the addition of 
dilute sulphuric acid to an ice-cold solution of the nitro-compound 
in dilute alkali. It changes to the normal form, m. p. 47°, on 
warming (Konovaloff, Ber,, 1896, 29, 2194). 

The following papers on ^5onit^o-compounds should also be con- 
sulted : Xef, Aiinalen, 1892, 270, 331 ; Hantzsch, Ber., 1899, 32, 
575; Hantzsch and Rinkenberger, ibid,j p. 628; HoUeman, ibid., 
1900, 33, 2913. 

A reaction of primary and secondary nitro-compoimds, due to 
Konovaloff, which obviously depends on the formation of salts of 
the isonitro-form, is carried out as follows. 

The nitro-compound is treated with a little concentrated potassium hydr- 
oxide solution or with an alcoholic solution of sodium ethoxide. The resulting • 
salt is extracted with a small quantity of water and the aqueous extract 
covered with ether. Perric chloride solution is now added drop by drop, the 
solution being shaken during the addition. At first there is formed a pre- 
cipitate of ferric hydroxide, and then the ether assumes a red or reddish- 
brown colour {Ber., 1895, 28, 1851). 

X 
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The aromatic mononitro-derivatives of benzene and its homo- 
logues are indifferent to cold aqueous alkaU, and thus resemble the 
tertiary nitro-parajBSns. The presence of two or more nitro-groups 
in the nucleus appears to make them more reactive to alkahs. 
Thus 1:3: 5-trinitrobenzene gives a red colour with alkali, and it 
finds a limited application as an indicator in acidimetry and alkali- 
metry. A number of colour reactions of di- and tri-nitro- sub- 
stituted aromatic hydrocarbons and their derivatives have been 
described, which are based on this property of giving colorations 
with alkalis. 

Jmiovshy''s Reaction, — solution of the nitro-compound in acetone is 
shaken with 10% aqueous potassium hydroxide solution. m-Dinitrobenzene 
gives a reddish-violet coloration ; 2 : 4-dmitrotoluene, a royal blue ; 1:3:5- 
trinitrobenzene, a blood-red ; 2 : 4-dinitrochlorobenzene, red changing to 
lilac (Janovsky and Erb, Ber., 1886, 19 , 2158; Janovsky, ibid., 1891, 24 , 
971). 

A similar type of colour reaction is described by v. Bitto {Annalen, 
1892, 269, 377), who replaces the acetone by other ketones and by 
aldehydes (compare Reitzenstein and Stamm, J. pr. Chem., 1910, 
[ii], 81, 167). Alcoholic potash also gives intense colorations with 
many dinitro- and trinitro-compounds. These are due to the form- 
ation of additive compounds between the nitro-compound and the 
alcoholic potash. Thus 1 : 3 : 5-trinitrobenzene in methyl alcohol 
furnishes a red crystalline compoimd of the formula 

(CeH3(N02)3,CH3-0K)2,H20 

when treated with one molecular proportion of potash (Lobry de 
Brujm, Eec. trav. chim., 1895, 14 , 89, 151 ; Hantzsch and Kissel, 
Ber., 1899, 32, 3140). This compound and others of a similar type 
formed from other trinitro-compounds are formulated by Meisen- 
heimer {Anrialen, 1902, 323, 224) as (V). It is of interest to note 


NO. 


H OMe 

X 


iNO, 


V 

(V.) o:'n-ok 


MeO OMe 



(VI.) 


Ph*CH(0Me)-CH:N02K 

(Vlll.) 


(vm.) 


H OMe 



that while mononitrobenzene or a-nitronaphthalene give no such 
compounds with alcoholic potash, p-nitronaphthalene and 9-nitro- 
anthracene yield the compound (VI) and (VII), respectively 
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{Meisenheimer, loc, cit,, p. 214; Meisenheimer and Witte, Ber., 
1903, 36, 4164). 

Some unsatnrated aliphatic nitro-componnds are also capable of 
combining additively Tnth sodium ethoxide or methoxide. Thus 
ia-nitrostvrene gives the compound (VIII) with sodium methoxide 
(Meisenheimer and Heim. Ber., 1905, 38, 466 ; compare Thiele and 
Haeckel, ArumUn, 1902, 325, 1; Wieland, Ber., 1904, 37, 1148). 

(e) Special Reactions of Primary and Secondary 'Nitro-compoimds. 

The behaviour of nitro-compounds towards alkaK has already 
been discussed, and methods for distinguishing primary and second- 
ary nitro-compounds from tertiary ones based on such reactions 
have been indicated. The following paragraphs give an account 
of other reactions which distinguish the three classes of compounds. 

Action of R'itroiLS Acid. — ^Primary nitro-compounds yield nitrolic 
acids by the action of nitrous acid under suitable conditions 
(equation a). Similarly, secondary nitro-compounds furnish 
nitroles (equation (b)). Tertiary nitro-compounds are unaffected 
under the conditions which yield the nitroKc acids or ^i-nitroles. 

R-CHa-NOj + HONO ^’^<§011 + («) 

f >c<m + hono + H.0 m 

As the nitrolic acids 37ield red salts with dilute aqueous alkali, 
and the nitroles are blue in the liquid state, this reaction serves to 
distinguish the three classes of compoimd (V, Meyer, Annalen, 1875, 
175, 120; Meyer and Locher, ibid., 1876, 180, 136; Meyer and 
Constam, 1882, 214, 328; Tscherniac, ibid., 1876, 180, 166). 
The test is usually carried out as follows. 

The nitro-compound is dissolved in concentrated alkali containing sodium 
nitrite. After (luting a little, dilute sulphuric acid is added drop by drop. 
If a primary nitro-compound is present, the solution assumes a blood-red 
colour, which disappears on complete acidification. It reappears on making 
alkaline. 

Secondary nitro-compounds yield a blue or a blue-green coloration which 
can be extracted with chloroform. 

This test is stated to hold for primary nitro -paraffins up to nitrohexadecane ; 
for secondary nitro-compounds it is apparently of less general application. 

Preparation of Ethyl Nitrolic Acid . — ^Nitroethane (6 c.c.) is mixed with 
crushed ice in a small thick-walled glass bottle, and 15 c.c. of an aqueous 
solution of potassium hydroxide containing 5*6 g. of potash are added. The 
bottle is closed by a rubber stopper and shaken till the nitroethane dissolves, 
a rise in temperature being carefully avoided. The solution is transferred 
to a beaker, an excess of sodium nitrite solution added, and the mixture is 
cooled to O'" by the addition of ice. Dilute sulphuric acid is added slowly till 
the solution is colourless or just pale yellow. In order to convert all the 
nitroeth^e into the nitrolic acid it is necessary to render the solution alkaline 
^d acidify ; this operation is repeated three times. The feebly acid solution 
is finally extracted three times with one-sixth of its volume of ether, each time. 
The ethereal solution, on spontaneous evaporation, yields ethylnitrolic acid, 
colourless crystals, m. p. 81 — 82° with decomposition. The yield may amount 
to 10 — 11 g. of 12 c.c. of nitroethane (Meyer and Constam, loc, cit,). 
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Reaction of Aliphatic Nitro-compounds with Aqueous Acids,— 
Although the careful acidification of the sodium salt of ^^onitro- 
ethane results in the liberation of nitroethane almost unchanged, 
smaller or greater amounts of acetaldehyde are obtained when the 
acidification is rapid and the mixture is not cooled. A transient 
blue or green coloration is also produced. The alkali salts derived 
from nitromethane behave similarly (Nef, Annalen, 1894, 280, 
267 ; V. Meyer, Ber.y 1895, 28, 202). The decomposition may also 
take another course — a hydroxamic acid being formed (Bamberger 
and Riist, Ber., 1902, 35, 52 ; Bamberger, J. pr. Chem., 1920, [ii], 
101, 328). This has been shown to occur when the alkali salts 
derived from many nitroparaffins are treated with diluted hydro- 
chloric or sulphuric acids. 


r-ch:no(OH) 



R-CO-OH + NH^OH 


R-CHO 


The formation of a hydroxamic acid is obviously responsible for 
the recorded observations that many nitroparaffins yield hydroxyl- 
amine and fatty acids when heated with concentrated hydrochloric 
or sulphuric acids in sealed tubes (Meyer and Locher, Annalen, 

1873, 180, 163; compare Preibisch, J. pr, Chem., 1873, [ii], 7, 480; 

1874, [ii], 8 , 316). 


(2) Nitramines, 

In this group of compounds the nitro-group is attached to 
nitrogen. They are represented by the general formula RRNNOg 
(where R = alkyl, aryl, or R*CO-; R == H or alkyl). Primary 
unsubstituted nitramines, R-NHN 02 , have an acid reaction in 
water, and form salts by treatment with aqueous alkali. The alkali 
salts furnish secondary nitramine by the action of alkyl halides. 

R-NNa-NOs + CH 3 I — ^ R(CH 3 )N'N 02 + Nal 

The secondary nitramines, by virtue of their structure, are neutral. 

Preparation of p-Tolylmeihylnitramine, — p-TolyInitramine (2*5 g.) is mixed 
with a solution of 0*4 g. of sodium in 5 c.c. of methyl alcohol and 2*5 g. of 
methyl iodide dissolved in methyl alcohol. After keeping for 3 weeks at room 
temperature, the mixture is heated for 3 hours under reflux on a water-bath. 
The solvent is then distilled ofl, the residue extracted with dilute aqueoxis 
amm onia, and the insoluble matter crystallised from light petroleum, p- 
Tolylmethylrdtramine is thus obtained, m. p. 75° — yield 0*48 g. (Pinnow, 
JBer., 1897, 30, 835; compare Bamberger, ibid., 1894, 27, 366). 

The methylation of some nitramines has also been effected by 
diazomethane in ethereal solution (Heinke, Ber., 1898, 31, 1395; 
Degner and v. Pechmann, ibid., 1897, 30, 646). 

Most nitramines either eliminate the nitro-group by treatment 
with concentrated sulphuric acid or undergo other changes. Thus 
methylmtramine or ethylnitramine yield nitrous oxide by the 
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action of 40% sulpliuric acid (Franchimont and Umbgrove, Rec, 
trar. ckim., 1898, 17, 288). In general, however, at lea^t part of 
the nitro-group is liberated as nitrons or nitric acids which can be 
tested for in the usual way with ferrous sulphate (Thiele and Lach- 
mann, Annalen, 1895, 288, 269), 

Aryinitramines undergo isomerisation under the influence of 
mineral acids. Thus phenylnitramine, PhNH‘N02, yields a mixture 
of o- and j3-nitramlmes ; phenylmethylnitramme furnishes o- 
and p-nitromethylanilines ; o-nitrophenylnitramine 3 delds 2 : 6-di- 
nitroaniline ; ^maphthylnitramme yields a-nitro-p-naphthylamine. 
The change is effected by the action of concentrated sulphuric acid 
in acetic acid; less conveniently by boiling with dilute aqueous 
mineral acids or by the action of dry hydrogen chloride on an 
ethereal solution of the nitramine (Bamberger, Ber., 1897, 30, 1253). 
The migration of the nitro-group is usually accompanied by other 
reactions. Thus the primary aryinitramines yield some diazonium 
salt, probably owing to elimination of some of the nitro-group as 
nitrous acid. This is most marked with some of the halogen- 
substituted phenylnitramines. Thus 2 ; 6-dihromophenyhiitramine 
and 2 : 4-dichlorophenylnitramtae furnish small yields of the 
corresponding diazonium salts in addition to the normal products 
of rearrangement by the action of sulphuric acid in acetic acid 
solution. Diazonium salts are also formed from 2:4: 6-trichloro- 
phenylnitrarame and from 2:4: 6-tribromophenylnitramine. The 
latter compound also yields some 2 : 6-dibroino-4-nitroaniHne by 
the elimination of the j^um-hromine. Both nitramines also yield 
halogen-substituted quinone anils (Orton, J"., 1902, 81, 806 ; Orton 
and A. E. Smith, ibid., 1905, 87, 389; 1907, 91, 146). 

The formation of diazonium salts is no doubt due to the liberation 
of the nitro-group as nitrous acid. This has been observed for some 
arylnitrammes and aryl alkylnitramiaes. Thus 3 : 5-dinitro-p-tolyl- 
T^-butyhutramme yields nitrous acid and the corresponding nitros- 
amine by treatment with concentrated sulphuric acid (Reilly and 
Hickinbottom, J., 1919, 115, 179). 


(3) Nitroso-Gomj^ounds. 

Nitroso-eompounds may be conveniently divided into two groups : 
{a) the 0-nitroso-compounds in which the nitroso-group is united 
to carbon; (6) N-nitroso-compounds in which the nitroso-group 
is attached directly to nitrogen. 

{a) C-Nitroso-Compounds. 

The simple nitroso-substituted paraffins generally appear to he 
white in the crystalline state hut assume a blue colour when fused 
or vaporised. Thus nitroso-;fer^.-butane, (Me) 3 C-NO, is a white 
crystalline solid, melting to a blue liquid, which reverts to the 
original white crystalline solid on cooling. Its freshly prepared 
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solutions in organic solvents are colourlesSj but they become blue 
more or less rapidly when kept at room temperature, but more 
rapidly on warming. 2-Nitroso-2-methylbutane and 2-nitroso-2 : 5- 
dimethylhexane behave similarly (Bamberger and Seligmann, Ber.^ 
1903, 36, 692 ; Piloty and Ruff, ibid., 1898, 31, 457). 

Nitrosobenzene and other nitroso-substituted aromatic hydro- 
carbons show an analogous behaviour. The earlier determinations 
of the molecular weight of aromatic nitroso-compounds (Bamberger 
and Rising, Ber., 1901, 34, 3878) have been recently supplemented 
by the measurements of Hammick (J., 1931, 3105), Hammick and 
Illingworth {ibid., 1930, 2358) and Ingold and Piggott {ibid., 1924, 
125, 163). From these and other results it appears that nitroso- 
benzene and its homologues exist in a bimolecnlar form which 
undergoes more or less complete dissociation in solution. If both 
or^Ao-positions with respect to the nitroso-group are substituted, 
the dissociation is retarded. In these recent papers, and also in a 
paper by Hammick, New, and Sutton (J., 1932, 742), will be found 
a discussion of the possible structures of dimeric nitroso-compounds. 

The condensation of aromatic nitroso-compounds with primary 
aromatic amines to yield azo-compounds is an important reaction. 
Thus azobenzene is formed by reaction of nitrosobenzene with 
anihne (Eaeyer, Ber., 1874, 7, 1639). Nuclear-substituted anilines 
behave similarly (C. Mills, J., 1895, 67, 928; Bamberger, Ber., 
1896,29,102; v, Auwers andRohrig, 1897, 30, 989 ; Freundler, 
Bull. Soc. cMm., 1907, [iv], 1, 220; 1911, [iv], 9, 657). 

Preparation of Azobenzene . — solution of 5 g. of nitrosobenzene in 15 g. 
of acetic acid is added to 5 g. of aniline in 10 g. of the same solvent. The 
reaction commences at once and the temperature gradually rises to 45®. 
When the condensation is complete the temperature falls and the azobenzene 
separates in almost quantitative yield (Mills, loc. cit.). 

Preparation of ethoxy azobenzene. — b-Anisidine (5-6 g.) is added to a 
solution of nitrosobenzene (5 g.) in 20 c.c. of acetic acid, cooled in a bath of 
cold water. After the mixture has been kept for about 40 hours, it is poured 
into water. The crude azo -compound is precipitated together with some tarry 
matter. The pure azo -compound is obtained by steam distillation as an 
orange-red viscous oil, b. p. 195 — 197°/14 mm., which gradually solidifies, 
m. p. 40 — 41"’ (Bamberger, Ber., 1900, 33, 3190). 

Condensation of nitrosobenzene with hydroxylamine proceeds 
in a similar manner in presence of sodium carbonate to yield a 
6-^?i.-diazotate (Hantzsch, Ber., 1905, 38, 2056) (see p. 351). 

Ph-NO + HaN-OH Ph-NIN-OH 

Direct conversion into diazonium salts is effected by the action 
of nitric oxide on a chloroform solution of nitrosobenzene, benzene- 
diazonium nitrate being formed. The action of nitrons acid on an 
acetic acid solution of nitrosobenzene furnishes the same product 
(Bamberger, Ber., 1918, 51, 634). 

Reduction of nitroso-cbmpoimds in acid media by means of zinc, 
iron, or stannous chloride leads to the formation of amines: 
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(b) l!s-XiirQso-Compounds. 

These are represented by the general formula ^ where 

R and R' are hydrocarbon residues. The compounds are known 
as nitrosammes. ISi'itroso-deriyatives of amides are also known, 
and are represented by the aboye general formula, where R is an 
acyl grouping and R' a hydrocarbon radicle. They are known as 
nitrosamides. As there are important differences in the behaviour 
of these two classes of compounds, they are considered separately. 

1. Xitrosamines. — ^In the absence of any basic or acidic substit- 
uent in the hydrocarbon radicle, nitrosamines are solids or liquids 
having a neutral reaction. They are in general stable to dilute 
aqueous alkali. Those derived from aliphatic and mixed ahphatic 
aromatic amines appear to have feeble basic properties. Thus, dry 
hydrogen chloride passed into a concentrated ethereal solution of 
dimethyinitrosamine yields a white crystalline hydrochloride easily 
decomposed into its components by water or alcohol (E. Renouf, 
Ber,, 1880, 18, 2170). A similar type of compound from phenyl- 
methylnitrosamine has been described by Hantzsch and Pohl (Ber,, 
1902, 35, 2975). Platmibromides of some aliphatic nitrosamines 
have been prepared (Gutbier and Rausch, J. pr, Chem,, 1913, [ii], 
88, 416). As such salts are almost completely hydrolysed by water, 
there is little tendency to salt formation with dilute aqueous acids. 

The principal characteristic reactions of nitrosammes are the 
eli m ination of the nitroso-group and its reduction to -NH 2 . 

Elimination of the Nitroso-group, — ^Nitrosamines yield nitrous acid 
and the parent secondary amine when treated with concentrated 
sulphuric acid. This reaction is employed for the detection of nitros- 
amines, the free nitrous acid being detected by its reaction with 
phenol. 

Lieierniann's Test for Nitrosamines. — A small amount of the pure nitros- 
amine is treated "with about 2 c.c. of cold concentrated sulphuric acid and then 
one or two crystals of phenol are added. On gently warming, a green or 
blue colour develops. Cautious dilution with water causes the colour to change 
through violet to reddish-violet, and finally to red. It becomes green or blue 
again on making alkaline. 

fibiis test is usually employed for the detection of secondary amines. For 
tMs purpose the suspected nitrosamine, which is produced by the action of 
nitrous acid, is taken up in ether. The ethereal solution is freed from all traces 
of nitrous acid by several washings with dilute aqueous sodium hydroxide. 
After a washing with water, it is (hied in contact with anhydrous magnesium 
sulphato and a portion evaporated in a white porcelain dish. The test is then 
carried out as described above. 

It should be noted that diphenylrdtrosamine behaves in a characteristic 
manner with concentrated sulphuric acid in yielding a deep blue solution. 

For obtaining the parent secondary amine from the nitrosamine, 
the use of concentrated sulphuric acid is of limited application. 
With ahphatic nitrosammes, the elimination of the nitroso-group 
is more conveniently effected by heating with concentrated hydro- 
chloric acid. The hydrochloride of the secondary amine remains 
on evaporation of the excess of acid (Renouf, Ber., 1880, 13, 2170; 
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Geuther, Annalen, 1863, 128, 151). To prevent secondary reactions 
dne to the liberation of nitrons acid, it is frequently desirable to 
introduce some reagent capable of removing nitrous acid rapidly. 
This applies more particularly to alkyl arylnitrosamines. Stannous 
chloride is usually employed for this purpose (Nolting and Boasson, 
Ber., 1877, 10, 795). Less frequently the nitroso-group has been 
replaced by heating with a mixture of hydrochloric acid and an 
alcohol, or by the action of zinc dust and warm hydrochloric acid 
(Reilly and Hickinbottom, *7., 1918, 113, 978). When nitro-groups 
are present in the aromatic nucleus it is obviously impracticable to use 
stannous chloride or zinc dust and hydrochloric acid if the action is 
to be restricted to the removal of the nitroso-group. In these 
circumstances, conversion of the nitrosamine to the corresponding 
secondary amine can be effected by heating with alcohohc or aqueous 
hydrochloric acid containing anilLne hydrochloride. The same result 
may be achieved by heating the nitrosamine with phenol at 180°. 

Preparation of 3 : o-Dinitro-n-butyl-'p-toluidine from 3 : 6-Dinitro~p-tolyl- 
n-hutylnitrosamine, — ^The nitrosamine (2-4 g.) is heated under reflux for 8 hours 
with alcoholic hydrogen chloride (50 c.c.) containing aniline hydrochloride 
(1 g.). By evaporating the alcohol and then adding water, 3 : 5-dinitro- 
n-butyl-39-toluidme is obtained, yield 2-1 g. — m. p. 56 — 57° (Reilly and 
Hickinbottom, J., 1919, 115, 180; compare Pinnow, Ber.y 1897, 30, 838). 

Recently, E. C. S. Jones and Kenner (/., 1932, 713) have described 
new conditions for the preparation of secondary amines from nitros- 
amines. The method consists in adding an excess of a solution of 
cuprous chloride in hydrochloric acid (35 g. of cuprous chloride in 
200 c.c. of concentrated hydrochloric acid) to the nitrosamine. 
Nitric oxide is evolved, and the reaction is completed by gently 
warming. The amine is isolated by adding an excess of ammonia, 
and then distilling in steam or extracting with ether. 

The arylnitrosamines undergo an interesting reaction in presence 
of dry alcohohc hydrogen chloride at room temperature. If the 
aryl group has the ^ara position free, the nitroso-group leaves the 
nitrogen and enters the nucleus in the jpara position (O. Eischer and 
Hepp, Ber,, 1886, 19, 2991 ; 1887, 20, 1251 ; O. Eischer, Annalen, 
1895, 286, 156). 

P reparation of p-Nitrosometliylaniline (X). — saturated solution of hydrogen 
chloride in absolute alcohol (4 parts) is added to a solution of phenylmethyl- 
nitrosamine (IX) (1 part) in twice its volume of ether. The solution assumes 
a dark orange colour almost immediately. A brisk reaction sets in, heat is 
evolved, and crystals of p-nitrosomethylaniline hydrochloride separate. 
After keeping for some hours, the orange-red precipitate is collected and washed 
with ether. The free base is obtained by adding dilute sodium carbonate 
solution or ammonia to a cold aqueous solution of the hydrochloride. It 
separates from benzene as blue plate-like crystals, m. p. 118°. 

Similar conditions are used to obtain jo-nitroso-substituted amines 
from other alkyl arylnitrosamines, from diarylnitrosamines, from 
nitrosotetrahydro quinoline, and from alkyl- and aryl-a-naphthyl- 
nitrosamines. When the nitrosamines from alkyl- p -naphthyl- 
amines are submitted to this reaction, the nitroso-group enters the 
a-position (Eischer and Hepp, Rer., 1887, 20, 2471 ; Morgan and 
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Evens, J., 1919, 115, 1142). A similar transformation can be 
brouo^ht about with the dinitrosamines of aP-diphenylaminoethane 
and 6v-diphenvIaminobiitanes (Morgan, BQckinbottom, and 
Barker, Aoc, Roy. Soc., A, 1925, 110, 518). Instead of using alco- 
holic hydrogen chloride for this purpose, it is^ sometimes more 
convenient to use concentrated hydrochloric acid or a saturated 
solution of hydrogen chloride in acetic acid. The choice of these 
reagents is determined by the solubOity of the salt of the nitroso- 

_ . . . 

Nitrosamines derived from amines containing tertiary alkyl 
groups behave abnormally. Thus icr^.-butylphenylnitrosamine 
(XI) and the corresponding tert.-B.mjl and tert.-loe^jl compounds 
do not undergo the Fischer— Hepp reaction. Solutions of hydrogen 
chloride in alcohol or acetic acid bring about the elimination of the 
nitroso-group vrith the formation of the hydrochloride of the second- 
ary amine. The nitroso-group is also spht out by the action of 
diluted sulphuric acid, but tMs reaction is accompanied to some 
extent by the ehmination of the tertiary alkyl group with the 
formation of a diazo- compound (Hickinbottom, «/., 1933, 1070). 

9H3 9H3 9 (CH 3)3 

N-NO Sm; N-NO 



(IX.) (X.) (XI.) 

Reduction to Hydrazines . — using mild conditions of reduction, 
the nitroso-group can be reduced to -NHg, with the production of an 
asymmetrical di-suhstituted hydrazine. 

RRF-NO -f 4H RRlSr-NHa + HgO 

This is effected very conveniently by zinc dust and acetic acid. 

Preparation of Diethylhydrazine . — 150 G. of 50% aqueous acetic acid are 
added gradually to a mixture of 30 g. of diethylnitrosamine in 300 c.c. of 
water and 150 g. of zinc dust, which is stirred mechanically and maintained 
between 20° and 30°. After 2 hours, the reaction is completed by warming to 
40 — 50°, further amounts of zinc and acetic acid being added if the odour 
of the nitrosamine still persists. 

The mixture is then rendered alkaline by the addition of an excess of 
caustic soda and distilled over a free flame. The distillate contains varying 
amounts of ammonia and diethylamine as well as the hydrazine . It is neutral- 
ised with hydrochloric acid and evaporated to a syrup. The greater part of 
the amm onium chloride separates on cooling and is filtered ofi. The addition 
of sodium hydroxide causes the separation of diethylhydrazine and diethyl- 
amine as a colourless oil. These are distilled over or separated from the aqueous 
layer and converted into hydrochlorides. 

The crude hydrochloride is exactly neutralised and a solution of an excess 
of potassium cyanate added. The mixture is then slowly raised to boiling 
point. If the concentration is suitable, a considerable amount of crystalline 
material is deposited on cooling. This is collected and crystallised from hot 
^cohol and then from a small amotmt of hot water to remove traces of potass- 
ium chloride. The product is then pure diethyl semicarbazide, m. p. 149°. 
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Hydrolysis of the semicarbazide with concentrated hydrochloric acid in a 
sealed tube at 100° yields a solution of the hydrochlorides of diethylhydraziue 
and ammonium. After evaporating and removing the ammonium chloride 
which separates, diethylhydcazine is obtained as a colourless oil by adding 
concentrated sodium hydroxide. It is dehydrated, first in contact with solid 
sodium hydroxide and then over anhydrous barium oxide. It is thus obtained 
as a colourless liquid, b. p. 96 — 99° (E. Fischer, Annalen, 1879, 199, 308). 

Preparation of Phenyhnethylhydrazine . — ^Phenylmethylnitrosamine (30 g.) 
is mixed with 120 g. of 50% acetic acid and sufficient alcohol to make the 
mixture homogeneous. The solution is then added gradually to an efficiently 
stirred suspension of zinc dust (150 g.) in 200 c.c. of cold 90% alcohol. The 
rate of addition must be regulated so that the temperature does not exceed 
30° ; it is advisable to keep it between 10° and 20°. When reduction is com- 
plete, the mixture is heated in a water-bath and filtered hot. Sufficient 
caustic soda is added to the filtrate to dissolve the zinc hydroxide. It is then 
distilled in steam and the amine which passes over in the distillate is taken up 
in ether, and converted into sulphate by evaporation with dilute sulphuric 
acid. The distillate thus concentrated is made alkaline and the amine ex- 
tracted from it by ether. After drying the ethereal solution over potassium 
carbonate and removing the solvent by evaporation, the crude base is treated 
with the calculated amount of 40% sulphuric acid, cooled to 0°, and diluted 
with an equal volume of absolute alcohol. The sulphate of methylphenyl- 
hydrazine separates. It is collected by filtration under suction, drained as 
far as possible from oily impurities, and then crystallised from hot alcohol. 

The addition of an excess of alkali to an aqueous solution of the purified 
sulphate liberates phenylmethylhydrazine. It is taken up in ether, dried 
over potassium carbonate, and distilled under reduced pressure. It is collected 
at 131°/35 mm. as an almost colourless oil (E. Fischer, Annaleny 1878, 160, 190; 
1886, 236, 198). 

2. '^-Nitroso’ Amides , — ^The preparation of nitrosoanilides lias been 
described on p. 221. These compounds are of interest on account 
of their relationship to diazo-componnds. Thus nitroso-acet- 
anilide yields sodium ^^/^.-diazotate by treatment with aqueous 
sodium hydroxide or with an excess of alcoholic sodium ethoxide 
at room temperature. Nitroso-p-bromoacetanihde and nitroso- 
acetnaphthalide behave similarly. Accordingly, these substances 
yield azo-compounds when treated with alkaline solutions of p- 
naphthol (Bamberger, Ber., 1894, 27, 915; Bamberger and J. 
Mfiller, Annalen, 1900, 313, 126; Hantzsch and Wechsler, ibid., 
1902, 325, 229). 

Ph-N(NO)-CO-CH 3 + 2NaOH — > 

Ph-NIN^ONa + CHg-CO.^Na + lEL^O 

Nitrosoanilides appear to react directly with aniline to form 
diazoamino-compounds and with phenols to yield azo-compounds. 

N-Nitrosomethylurethane, Me*N(NO)-C02Et, when treated with 
alkali, undergoes a decomposition similar in form to that shown by the 
nitrosoanilides. Ck)ld concentrated potassium hydroxide yields the 
diazotate Me*NIN*OK at 0° as a white crystalline soKd, which is 
unstable and yields diazomethane in presence of moisture. Nitroso- 
henzylurethane behaves similarly (Hantzsch and Lehmann, Ber,, 
1902, 35, 901). The decomposition pf such compounds is no doubt 
responsible for the production of diazo-parafiEins when nitrosoalkyl- 
urethanes, nitrosoalkylureas, and similar compounds are decomposed 
by alkali. The diazo-paraffins are prepared very conveniently by 
such a method. 
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Preparation of Diazotnetkane from Nitrosomethylurea. — ^NitrosomethylTirea 
(10*3 g.) — in microerystalline form — is covered by 50 c.c. of dbcy ether. To 
this is added 70% aqueous potassium hydroxide (20 e.c.) drop by drop, a 
circular motion being given to the flask. After about 10 minutes, the de- 
composition is complete and the ethereal solution containing the diazomethane 
is decanted ofl (E. Werner, J., 1919, 115 , 1096). 

Phenyldiazomethane Ph'CH^Xo, diazoethane Me'CH'Ng, diazobutane, and 
diazozsopentane are shnilarly prepared from the nitroso -derivatives of the 
appropriate alkylureas. 

Preparation of Diazomethane froyn Nitrosomethylurethane. — 1 Vol. of nitroso- 
methylurethane (1 — 5 c.e.) and a convenient amount of ether (30 — 50 c.c.) 
are mixed in a round-bottomed flask fitted with a condenser for distillation. 
Methyl alcoholic potash (1*2 vols. 25% concentration) is added and the 
mixture heated on the water-bath. Ether and diazomethane distil over, 
the operation being stopped as soon as the ether distilling over is colourless. 
1 C.c. of nitrosomethylurethane gives 0-18 — 0-2 g. of diazomethane. 

Diazoethane is prepared from nitrosoethylnrethane by a similar 
process (v. Peehmann, Ber., 1898, 31, 2643). Nitrosomethylox- 
amide and nitrosomethylsuccinimide furnish diazomethane by 
treatment with alcoholic potash (Backer, J., 1912, 101, 593). 

The reduction of nitrosoanilides to acyl hydrazines apparently 
has not yet been accomplished. Even under mild conditions of 
reduction, using aluminium amalgam, sulphur dioxide, or zinc and 
acetic acid, the nitroso-group is eliminated with the regeneration of 
the original aniHde. The nitroso-group is also eliminated by passing 
dry hydrogen chloride into a solution in benzene or chloroform, the 
original anilide being precipitated as hydrochloride. If alcohol or 
acetic acid is used as solvent, a diazonium chloride may be formed, 
but this reaction is not general. 

Nitrosoalkylureas, however, undergo reduction to alkylhydrazines 
under suitable conditions (Bruning, Annulen, 1889, 253, 7 ; Backer, 
loo. cit.). 


Table XX. 

Primary and Secondary Nitro^Compounds. 



B. p. 

M. p. 

d. 


Xitromethane .... 

101® 



1-138S8 


KitroetMne .... 

113 

— 

1-05611 j 


Xitrofonn ..... 

115 

— 

Colourless liquid. Yellow 

sec.-NitTOpTopoRe 

117 



aq. sol. El salt gives 
yellow aq. sol. 

Nitropropane 

131 

— 

l-OOSf^ 


PlienylmtroBiethaiie . 

118/ ! 

— 

— 

B. p. 226®/760 mm. (dec.). 

p-Ghlorophenylnitromethane 

16 mm.! 

33® 



^soYitro-, m. p. 84®. 
Oxidation — >■ jj-chlorobenz- 

1 

i?-BromopIienylnitroniethaiie . i 


60 


oic acid. fsoNitro-, m. p. 
64®. 

Oxidation — >- 27-bromoben2- 

p-Xitrophenylnitromethaiie . 


91 


oic acid. isoKitro-, m. p. 
90®. 

Oxidation — >- 2 >-nitrobenz- 

3 ; 5-DimetbyIphenylmtroiiietliaiie. 

— 

47 

— 

oic acid, isolsitio-, m. p. 
91®. 

isoXitro-, m. p. 63°. 
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CHAPTER IX 


AZO- A^STD DIAZO-COMPOUNDS 


(1) Diazo-Compounds. 

(а) Aromatic Diazoni-um Compounds. 

1. Eeplaeement of the Diazo-Group by Hydrogen. 

2. Eeplaeement of the Diazo-Group by Hydroxyl. 

3. Eeplaeement of the Diazo-Group by Halogen, -CN, -CIS'S, 

or Triazo -Groups. 

4. Eeplaeement of the Diazo-Group by other Groups. 

(a) Aryl. 

(b) Nitro-. 

(c) Sulphinic. 

(d) Preparation of Aryl-arsinic and -stibinic Acids. 

(e) Thiol, Sulphide and Disulphide. 

5. Action of Alkalis : Formation of Diazotates. 

6. Eeaction with Amines. 

(a) Formation of Diazoamino -Compounds. 

(5) Formation of Aminaozo -Compounds. 

7. Eeaction with Phenols. 

8. Eeduction of Diazo-Compounds. Formation of Aryl 

Hydrazines. 

(б) Aliphatic Diazo-Compounds. 

(2) Azo-Compoimds. 

1. Oxidation of Azo -Compounds. 

2. Fission of Azo-Compounds. 


(1) Diazo-Compounds. 

In its widest interpretation, the term diazo- compound includes 
aliphatic compounds of the general formula R-CHNg and those 
in which one of the nitrogen of the diazo-group is joined to an aryl 
or heterocyclic nucleus with unsaturated valencies. These latter 
compounds are represented by the general formula R-NgX. It is 
proposed to treat the two classes separately. 


(a) Aromatic Diazonium Compounds. 

The action of nitrous acid on cold aqueous solutions of aniline and 
its homolo^es in a moderate excess of dilute mineral acid results in 
the formation of diazonium salts, the chlorides of which have the 


general formula 


X 

R-x-cr 


Such salts can be isolated in a crystalline 


state by suitable methods. In general, they are crystalline 
solids, insoluble in ether and more or less, freely soluble in water. 
In aqueous solution, the chlorides and nitrates have a neutral reaction 
and are ionised to approximately the same extent as the correspond- 
ing ammonium salts. Solutions of the diazonium chlorides or sul- 
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phates give the ordinary ionic tests for the chloride or sulphate ion. 
By double decomposition the anion may he displaced by others 
provided that the solubility relationships are favourable. Sparingly 
soluble chromates, ferrocyanides, picrates, and tungstates have thus 
been prepared (Baeyer and C. Jaeger, Ber., 1875, 8, 894; Griess, 
ibid., 1879, 12, 2119; Meldola and Eynon, J., 1905, 87, 4; Caro 
and Griess, Jahresb., 1867, 915). Morgan and MickletWait (J., 
1905, 87, 933) have succeeded in preparing a crystalline carbonate 
and nitrite by this means from benzoyl-p-aminobenzenediazonium 
chloride. The action of potassium cyanide and of sulphites on 
diazonium salts is abnormal (see p. 351). A large number of 
diazonium platinichlorides and aurichlorides have been prepared 
by the addition of chloroplatinic acid or aurichloric acid to the 
diazonium salt. In addition, a number of other double salts 
from benzenediazonium salts and their homologues are known, such 
as the stannochloride, B 2 SnCl 4 , mercurochloride, BjHgClg, argento- 
cyanide B,Ag(CN )2 (Griess, Ber., 1885, 18, 965 ; Hantzsch and Dan- 
ziger, ibid., 1897, 30, 2529). Diazonium halides yield polyhalide 
salts having, at least, a formal resemblance to the ammonium 
periodides (compare, however, Chattaway, J., 1915, 107, 105). 
Thus benzenediazonium chloride or bromide yields the per- 
bromide Ph-Ng'BrBrg by treatment with bromine water (Griess, 
Annalen, 1866, 137, 50). A number of other perhalides such as 
PhNg’ClIg, PhN 2 *ICl 2 , PhNgTBrg, etc., have been described by 
Hantzsch {Ber., 1895, 28, 2754). Evidently diazonium compounds, 
in so far as they are salts, resemble the ammonium and quaternary 
ammonium salts. The resemblance to quaternary ammonium 
salts is strengthened by the formation of strongly alkahne solutions 
of the diazonium hydroxide when diazonium chlorides are treated 
with moist silver oxide. These hydroxides are not sufficiently 
stable to be isolated, but measurements on the aqueous solutions 
have shown that they are strong bases with affinity constants 
intermediate between those of the caustic alkalis and ammonia 
(Davidson and Hantzsch, Ber., 1896, 31, 1612). They yield diazon- 
ium salts by neutralisation with acids and can be titrated accurately 
with standard acid using methyl-orange as indicator. 

Pre'paration of Benzenediazonium Perhromide . — A noixture of 5 g. of aniline, 
15 g. of concentrated hydrochloric acid, and 30 g. of crushed ice is diazotised 
by the addition of approximately 5 g. of sodium nitrite in 15 c.c. of water. 
The diazotisation is complete when the solution gives an immediate and per- 
manent blue coloration with starch iodide paper; The temperature is kept 
at 0° throughout the operation. 

The solution of the diazonium salt is stirred mechanically, cooled by an 
external freezing mixture, and a solution of 14*9 g. of bromine and 8*9 g. of 
potassium bromide in 17-8 c.c. of water is added. 

The perbromide separates in a crystalline form. It is washed with water, 
collected by filtration, and washed on the funnel with a little alcohol and then 
ether. 

It is dried at a temperature not exceeding 40° and is kept in a vacuum 
desiccator in the dark (Bulow and Schmaohtenberg, Ber., 1908, 41, 2607). 

Diazonium salts are, in general, unstable compounds, and many 
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decompose in aqueous solution at temperatures above 5°. In the 
dry state many of them are explosive, a property which appears 
to be enhanced by the presence of suitable anions. Thus ben- 
zenediazonium nitrate is very sensitive to shock, and explodes with 
extreme violence when heated. Diazonium picrates and chromates 
are also very sensitive, and explode violently. Indeed, the use of 
diazonium chromates as explosives has been patented (F.P. 73,826), 
Benzenediazonium perchlorate is stated to explode on rubbiug, 
even when moist (Vorlander, Be/r., 1906, 39, 2714). 

The most important reactions of diazonium salts are those involving 
the diazonium group. By choosing suitable conditions, the diazon- 
ium group can be replaced by a very large variety of other groups such 
as -Br, -Cl, -I, -CN, -CNS, -CNO, -aryl, -NOg, etc. This therefore 
provides a general method for the preparation of substituted 
derivatives of the aromatic hydrocarbons. It is also possible 
to reduce the diazonium group to obtain aryl hydrazines ; to bring 
about reaction with amines and phenols with the formation of 
substituted azo - compounds ; and to oxidise the diazo- compound to 
nitramine. 

Eeplacement of the Diazonium Group. (1) By Hydrogen — One 
of the earhest methods to be used for the replacement of the diazon- 
ium group by hydrogen consisted in boiling with alcohol (Griess, 
Annalen, 1866, 137, 67; /., 1865, 18, 315; 1867, 20, 54). This 
reaction was later shown to furnish a greater or smaller proportion 
of alkyl aryl ethers. Thus benzenediazonium sulphate yields 70% 
of anisole and some benzene when boiled with methyl alcohol 
(Hantzsch and Jochem, Ber., 1901, 34, 3337). The reaction between 
diazonium salts and alcohols therefore takes place in two directions : 

PhH + N. + HCl + CoH.O 

Ph-N,Cl + CaH.-OH ^ 

PhOEt + HCl + N 2 

It is evident from several careful investigations on the conditions 
governing these reactions that the principal factors which determine 
the relative proportions of the two products are the nature of the 
substituents in the aromatic nucleus and the alcohol. In general, 
methyl alcohol yields a greater proportion of the ether than its 
homologues. As far as the lower aliphatic alcohols are concerned, 
the proportion of ether in the product diminishes with increase in 
the molecular weight of the alcohol. Thus while benzenediazonium 
sulphate furnishes a 60% yield of ether on boiling with ethyl 
alcohol, only a 50% yield is obtained with propyl alcohol ; ferment- 
ation amyl alcohol gives but 30% yield of ether. The presence of 
f I halogens, nitro-groups, or carboxyl as substituents in the aromatic 
\ I nucleus favours the replacement of the diazonium group by hydrogen 
' at the expense of ether formation. This fact is particularly useful, 
since it provides a general method for eliminating the diazonium 
grouping when nitro-groups are also present, as the other methods 
available cannot be used without reducing the nitro-group (Rem- 
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sen, Ber., 1885, 18, 65; Remsen and Palmer, Amer. Chem. J., 1886, 
8, 243; Cameron, 1898, 20, 229; Hantzsch and Jochem, loc. cit.; 
Hantzsch and Vock, Ber., 1903, 36, 2061). 

Preparation of Tii~Nitrotoluene. — mixture of 100 g. of ethyl alcohol, 34 g. 
of 3-iiitro-4-amiiiotoluene, and 50 g. of concentrated sulphuric acid is cooled 
below 10° by an external bath of ice. While mechanically stirred, a concen- 
trated aqueous solution of 17 g. of sodium nitrite is added slowly, the tem- 
perature being kept below 10°. When diazotisation is complete, the solution 
is heated very gently under reflux till the evolution of nitrogen ceases. As 
much of the alcohol and acetaldehyde as possible is then distilled ofl through 
a fractionating column and the residue distilled in steam. The oil in the dis- 
tillate is separated vdth the aid of ether, the ethereal solution washed with 
dilute alkali, then with water, and dried in contact with calcium chloride. 
It is finally fractionated under reduced pressure. 7?i-Xitrotoluene is collected 
at 113 — 114°/lo mm.- — ^yield about 18 — 20 g. (Clarke and Taylor, Organic 
Syntheses, 1923, 3, 91). 

The addition of alkali, sodium alkoxides, or zinc dust to the alco- 
hoHc solution of the diazonium salt favours the replacement of the 
diaz.onium group by hydrogen. This reaction also appears to yield 
a noticeable proportion of diphenyl (Beeson, Amer. Chem. J., 
1894, 16, 235). 

Replacement of the diazonium group by hydrogen can he’effected 
by other methods, such as the use of alkaline stannite (Friedlander, 
Ber., 1889, 22, 587), or by the action of hypophosphorus acid 
(Mai, ibid., 1902, 35, 162; compare Bertheim, 1908, 41, 1855; 
Stoermer and Heymann, ibid., 1912, 45, 3103). 

Preparation of Benzene from Benzenediazonium Chloride. — ^An aqueous 
solution of benzenediazonium chloride is added to an excess of aqueous sodium 
hydroxide solution mixed with crushed ice. To this is added a solution of 
stannous chloride in an excess of aqueous caustic soda. Nitrogen is evolved 
at room temperature and a layer of benzene separates which is removed by 
distillation in steam, 

Diazotised a-naphthylamine yields naphthalene under similar conditions. 

Preparation of Toluene from p-Toluenediazonium Chloride. — ^A mixture of 
8 g. of p-toluidine, 20 c.c. of concentrated hydrochloric acid, and 50 c.c. of 
water is diazotised with the usual precautions and the solution added to 40 c.c. 
of hypophosphorous acid. The mixture is kept at 0°. After several days 
the coloured liquid which has separated on the surface is removed, washed 
with dilute aqueous alkali, and distilled. 4*5 G. of pure toluene are obtained. 

Under similar conditions diazotised aniline yields benzene and some 
diphenyl. 

Preparation of Diphenyl. — Benzidine (3 g.), 7 c.c. of concentrated hydro- 
chloric acid, and 40 c.c, of water are heated together, then cooled and <fi- 
azotised. The diazonium solution is mixed with hypophosphorous acid 
(from 15 g. of Ca salt) and kept at 0°. The crude diphenyl, which separates, 
is collected, washed with dilute alkali, and then steam distilled — yield 1-5 g. 

A less direct method consists in reduction of the diazonium salt 
to the hydrazine and subsequent oxidation with Fe h li n g's solution. 

(2) Replacement by —OH. — ^Benzenediazonium sulphat-e yields 
phenol when its aqueous solution is heatod (Griess, J., 1867, 20, 
41, 53). Its homologues behave similarly. 

« 

CgHs-Na-HSOi + HgO — ^ GeHsOH -f H^SO^ + Ng 
z 
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In the preparation of phenols by this process it is advisable to 
use the diazonium sulphate rather than the chloride or nitrate, 
which, although decomposing in the direction indicated above, 
usually give other products as well. The chloride in presence of 
the excess of hydrochloric acid used for the diazotisation gives a 
noticeable amount of chloro-compound, while the nitrate furnishes 
serious amounts of nitrophenols. The method is illustrated by the 
following. 

Preparation of -p-Cresol. — jj-Toluidine (20 g.) is warmed with concentrated 
sulphuric acid (25 g.) diluted with 600 c.c. of water. The resulting solution 
is cooled in ice and a solution of sodium nitrite (14-5 g.) is added gradually. 
Towards the end of the diazotisation, the solution must he tested after each 
addition of nitrite for the presence of free nitrous acid. When there is a 
distinct positive reaction with starch iodide paper, the diazotisation is complete. 
The slight excess of the nitrous acid is then removed by adding urea, and the 
solution is heated under reflux in a water-bath till there is no further efferves- 
cence. The solution is then steam distilled till no more j^-cresol passes over. 
The distillate is then saturated with salt and extracted several times with ether. 
After drying the ethereal solution in contact with anhydrous magnesium 
sulphate, the solvent is removed and the residue distilled- p-Cresol is collected 
between 195° and 200° and solidifies on nucleating, m. p. 35 — 36° — ^yield 

8 — 11 g. 

Preparation of TCL-Bromoplhenol, — m-Bromaniline (200 g.) is dissolved in 
2,000 c.c. of methyl alcohol and the solution cooled to 0°. Concentrated 
sulphuric acid (130 c.c.) is added, the first half quite slowly, the rest more 
rapidly. Amyl nitrite (152 g.) is then added to the clear solution. The 
diazonium sulphate soon commences to separate, and after 1 hour the separation 
is complete. It is necessary during the diazotisation that the temperature 
should not rise above 25°. The mixture must therefore be cooled in ice-water. 

The diazonium sulphate is collected by filtration, washed with alcohol and 
ether, and then dissolved in 3 1. of water. The solution, after filtering, is 
kept at 40 — 45° for 5 hours. Some of the m-bromophenol rises to the surface 
as an oil, which is removed. The remainder is obtained by saturating the 
aqueous solution with sodium sulphate and then extracting with ether. After 
drying the crude product with anhydrous magnesium sulphate, pure m- 
bromophenol is collected at 135 — '140°/12 mm. — ^yield 44 g. (Diels and Bunzl, 
Ber., 1905, 38, 1495). 

Preparation of ui-Nitrophenol. — Cold diluted sulphuric acid (from 90 c.c. 
water and 66 c.c. of concentrated sulphuric acid) is added to w-nitraniline 
(42 g.) while the mixture is stirred mechanically. Thereafter, 160 g. of 
crushed ice are added. When an homogeneous mixture is obtained, the 
amine is diazotised by the rapid addition of 21 g. of sodium nitrite in 50 c.c. 
of water, the temperature being kept at 0 — 5° throughout the operation. 
The completion of the diazotisation is recognised by testing with starch 
iodide paper, till one drop of the solution gives a distinct blue colour. A 
precipitate of m-nitrobenzenediazonium sulphate separates. It is allowed 
to settle and the supernatant solution added from a dropping funnel to a 
mixture of 200 c.c. of concentrated sulphuric acid and 150 c.c. of water at such 
a rate that the solution boils vigorously. When all the diazonium solution 
has been added, the moist solid diazonium sulphate is added a little at a time 
and at such a rate that there is no excessive foaming. When all the diazonium 
salt has been added, the mixture is boiled vigorously for a few minutes, and 
then, while being stirred mechanically, it is cooled rapidly. ^ 

m-Nitrophenol separates as a crystalline magma, which is collected hy 
filtration, thoroxighly drained from the mother-liquor, and washed with 
several amounts of ice-water. In all about 100 c.c, of water are used. The 
nitrophenol is then dried by spreading on large sheets of filter-paper in a warm 
room — yield about 35 g. 

It is purified by dissolving it in hot hydrochloric acid (1:1), filtering and then 
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cooling. w-lSTitrophenol separates as light yello-w crystals, m. p. 96®. 
Alternatively it may b© purified by distillation under reduced pressure. This 
method is more convenient when working with large amounts of material 
(Manske, Organic Syntheses, 1928, 8, 80; compare Adams and Wilson, ibid., 
1923, 3, 87; Henriqnes, Annalen, 1882, 215, 323; Bantlin, Ber., 1878, 11, 
2100 ). 

The success of this tjrpe of preparation depends on the stability 
of the diazonium salt in aqueous solution. Those derived from 
aniline and its homologues decompose fairly readily to furnish the 
phenol. The presence of nitro- and halogen groups in the aromatic: 
nucleus appears in general to enhance the stability of the diazonium 
group. Thus 2:4: 6-trichlorobenzene diazonium chloride may be 
boiled -with water without any phenol being formed (Hantzsch, 
Ber,, 1895, 28, 685). 2:4: G-liobromobenzenediazonium sulphate 
behaves similarly (Silberstein, J. pr, Chem., 1883, [ii], 27, 105; 
Hantzsch, Ber., 1900, 33, 2519; compare Cam and Norman, J., 
1906, 89, 19; Orton, P., 1905, 21, 170). Outstanding examples 
of stable diazonium salts are found among those derived from amino - 
anthraquinones, which may be recrystallised from boiling water. 

A further complication in the formation of phenols by this method 
is that some diazo- compounds which are comparatively stable 
may actually couple with the phenol as it is formed. As an example 
of this we have the formation of a-naphthol-4-sulphonic acid from 
naphthionic acid by the diazo-reaction. The product is contamin- 
ated, however, with a small amount of the azo-compound. 

A modification of the usual process for replacing the diazonium 
group in comparatively stable compounds has been used by Heinichen 
[Annalen, 1889, 253, 281), with the object of overcoming some of these 
difSculties. It consists in heating the concentrated diazonium 
salt solution with sulphuric acid of such a strength that the mixture 
boils at 150°. Although this process gives satisfactory results 
in some cases [e.g, with 2 : 6-dibromobenzene diazonium salts), 
it fails with many of the more stable salts, doubtless owing to the 
fact that the excess of .moderately concentrated sulphuric acid 
stabilises the diazonium salt. A more satisfactory method coni 
sists in adding the diazonium solution to a mixture of dilute sul- 
phuric acid and sodium sulphate heated to 135 — 145° (KaUe & Co., 
E.P. 7233/1897; D.R.-P. 95,339). 

Preparation of Gicaiacol from Diazotised o-Anisidine, — ^The diazonium solution 
is prepared in. the usual way from 22 g. of o-anisidine, 48 g. of 50% sulphuric 
acid, 140 c.c. of water, and a solution of 14 g. of sodium nitrite in 45 c.c. of 
water. It is added from a dropping fimnel to a mixture of 140 g. of anhydrous 
sodium sulphate, 195 g. of concentrated sulphuric acid, and 106 c.c. of water 
contained in a distillation flask fitted with a condenser and heated in an oil- 
bath at 135 — 145°. The distillate consists of water containing part of the 
guaiacol suspended in it, the rest in solution. The total distillate is saturated 
with ammonium chloride and extracted with ether. After drying the solution 
in contact with magnesium sulphate, the solvent is evaporated and the residue 
fractioimted. Guaiacol is collected at 200 — ^205®, m. p. 33®. 

Trichloro- and tribromo-phenols are obtained, although in small 
yield, by decomposition of the appropriate diazonium salts under 
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similar conditions. The method has also been applied successfully 
to the preparation of 2 : 5-dichlorophenol, 2 : 4-dibromophenol, 
3-chloro-^-cresol, 3-bromo-^-cresol, and 3 : 5-dibromo-p-cresol 
from the corresponding diazonium salts (Cain and Norman, J., 


1906, 89, 19). 

Another type of decomposition may occur with diazonium salts 
having a methyl group ortho to the diazonium group. Thus, by 
gently warming diazotised 4-nitro-o-toluidine, a mixture of 4- 
nitro-o-cresol and 4-nitroindazole is obtained (Witt, Nolting, and 
Grandmougin, Ber,, 1890, 23, 3635 ; Michel and Grandmougin, 
ibid.^ 1893, 26, 2349). Diazonium salts from 5-nitro-4-amino-m- 
xylene behave similarly (Gabriel and Stelzner, Ber,, 1896, 29, 303). 
A parallel reaction has been observed when the diazonium compounds 
from mesidine, o-toluidine, or 4-amino-m-xylene are treated with 
dilute aqueous alkali (Bamberger, 1899, 305, 289), but under 

these conditions some of the product is an azo- compound derived by 
coupling of the diazonium compound with the indazole already 



Preparation of 4:-Nitroindazole, — solution of 4-nitro-o-toluidine (30 g.) 
in 60 g. of concentrated sulphuric acid diluted with 1000 c.c. of water is cooled 
and diazotised with 14 g. of sodium nitrite. The solution is then gently warmed 
on a water-bath so that there is only a very slow evolution of nitrogen. It is 
finally heated to boiling point and filtered through a folded filter. 

The clear pale yellow solution becomes turbid on cooling and the reaction 
product separates as oily drops, which solidify to a paste of yellow needles. 
The paste is filtered off, and a further small amount can be obtained by con- 
centrating the filtrate. The solid is a mixture of 4-nitro-o-cresol and 4-nitro- 
indazole. It is best separated by dissolving 15 g. of the mixture in 300 c.c. 
of hot water containing 10 c.c. of 30% sodium hydroxide solution. The hot 
solution is filtered, cooled to room temperature, and then saturated with carbon 
dioxide. Almost pure nitro -indazole separates. It crystallises from hot water 
in white needles, m. p. 181° (Witt, Nblting, and Grandmougin, loc. cit. ; Michel 
and Grandmougin, Zoc. cit.). 

Preparation of ^-Methyl-o-nitroindazole. — 4-Amino-5-nitro-m-xylen6 (10 g.) 
is dissolved in 50 c.c, of concentrated sulphuric acid and poured with stirring 
into 2 1. of water. After cooling, it is diazotised by 10 g. of sodium nitrite in 
100 c.c. of water. The precipitate gradually dissolves and the solution is 
heated gently on a water-bath for 2 J hours. The tarry matter which separates 
is removed by filtering the boiling solution through glass-wool. The nitro- 
methylindazole separates out, on cooling, as a bright yellow crystalline pre- 
cipita^. A further small amount may be obtained by extraction of ths 
tar with boiling water — ^yield 5 g. The indazole crystallises from boiling 
alcohol as light yellow needles, m.p. 192 — 193° (Gabriel and Stelzner, loc. cit.) 

(3) Eeplc^ement by Halogen, -ON, -CNS, -CNO, or Triazo- 
Group . — ^Diazonium chlorides, when warmed with an excess oi 
fuming or concentrated hydrochloric acid, furnish some of the corre 
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spending cliloro-substituted hydrocarbon, the reaction being accom- 
panied by the formation of the phenol. 

Ph-NgCl — ^ PhCl + 1^2 

In hydrobromic acid, the diazonium bromide behaves similarly 
(Griess, Ber,, 1885, 18, 961 ; Gasiorowski and Wayss, ibid.y p. 337 ; 
Htibner and Mejert, ibid., 1875, 6, 794). The reaction is, how- 
ever, not generally employed in this form for the replacement of 
the diazoninm group by -Cl or -Br, as more efficient methods are 
available. The method, however, succeeds well for the preparation 
of iodo-derivatives, the replacement of the diazonium group taking 
place when sodium iodide is added to a solution of diazonium salt 
containing an excess of mineral acid. 

Prepamtio7z of lodohenzene. — ^Aniline (25 g.) is warmed with concentrated 
sulphuric acid (30 c.c.) diluted with 250 c.c. of water and the resulting solution 
cooled to 0° while it is stirred mechanically. It is diazotised by the gradual 
addition of a solution of 19 g. of sodium nitrite in water, the reaction mixture 
being tested for free nitrous acid at intervals towards the end of the diazotis- 
ation. When the operation is complete, the excess of nitrous acid is removed 
by the addition of urea, and a concentrated aqueous solution of 60 g. of potass- 
ium iodide added. After keeping at room temperature for 'several hours, 
the mixture is warmed under reflux to complete the reaction and then steam 
distilled. Crude iodobenzene passes over as an oil, which, after taking up 
in ether, is washed with aqueous alkali and then water. It is finally dried and 
distilled, b. p. 188° — ^yield 35 — 45 g. 

The introduction of the triazo-^oup is effected by adding sodium 
azide to an acid solution of the diazonium salt (Nolting and Michel, 
Ber., 1893, 26, 86). This method has been used for the preparation 
of mono-, di-, and tri-triazo-suhstituted aromatic hydrocarbons. 

Preparation of a~Triazonaphthalene. — ^A solution of 30 g. of a-naphthyl- 
amin© in 180 c.c. of glacial acetic acid is mixed with 80 c.c. of concentrated 
sulphuric acid and diazotised by the addition of an aqueous solution of 15 g. 
of sodium nitrite, the usual precautions being taken. When the diazotisation 
is complete, the slight excess of nitrous acid is removed by the addition of 

5 g. of powdered urea, and then a solution of 15 g. of sodium azide in 50 c.c. 
of water is added. The solution becomes turbid and nitrogen is evolved. 
After keeping for several hours at 0°, the oil, which has separated, is taken up 
in ether and distilled in steam. a-Triazonaphthalene, which slowly distils 
over, is dissolved in ether, the ethereal solution washed with hydrochloric 
acid and then with 20% aqueous potash, and dried in contact with calcium 
chloride. Evaporation of the ether leaves the pure triazo-compound, m. p. 
12°; it decomposes on distillation (Forster and Fierz, J., 1907, 91, 1945). 

Preparation of m.~Bistriazobenzene. — m-Phenylenediamine hydrochloride 
(6 g.) dissolved in 50 c.c. of 50% sulphuric acid is mixed with 4 g. of sodium 
azide. The solution is then diazotised, with the usual precautions (about 

6 g. of sodium nitrite are required), and a further amount of 4 g. of sodium azide 
added. After keeping the solution for an hour, the bistriazo-compound is 
extracted with ether and purified by distilling twice in steam. It is obtained 
as faintly yellow needles, m. p, 5° (Forster and Fierz, loo. cit., p. 1953). 

Preparation of Tristriazomesitylene. — A solution of 2 g. of triaminomesitylene 
hydrochloride in the least amount of water is mixed with 10 c.c. of concen- 
trateci hydrochloric acid and 1-5 g. of sodium azide. After cooling to — 15°, 
the hydrochloride is diazotised by adding 3-2 g. of sodium nitrite (an excess). 
A further amount of 1*5 g. of sodium azide is added. The crystalline product 
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which separates after the solution has been kept for several hours is filtered 
off and purified by two distillations in steam. The pure tristriazo-coin- 
pound is obtained from the distillate as soft white needles, m. p. 60° after 
crystallisation from light petroleum (Morgan and Davies, J., 1923, 123, 
237). 

The preparation of fluoro-derivatives of the aromatic hydro- 
carbons can be effected by warming the diazonium salt with an 
excess of aqueous hydrofluoric acid (Griess, Ber., 1885, 18, 961 ; 
Valentiner and Schwarz, D.R.-P. 96,153; Swarts, Bull. Acad, 
roy. Belg.y 1907, 941 ; Ekbom and Mauzelius, Ber.^ 1889, 22, 1846). 
An alternative method consists in heating a suitable diazoamino- 
compound with concentrated hydrofluoric acid (Wallach, Annalen^ 
1886, 235, 255; WaUaeh and Heusler, ibid., 1888, 243, 219). 

More recently, Balz and Schiemann {Ber., 1927, 60, 1186) have 
found that the replacement of the diazo-group by fluorine takes place 
smoothly by warming the diazonium fluoroborate. The process 
is illustrated by the following description. 

Preparation oj Fluorohenzene . — ^Benzenediazonium fiuoroborate is prepared 
by adding an excess (60 c.c.) of a 40% solution of filuoroboric acid to a clear 
diazo-solution prepared from 20 g. of aniline and 40 c.c. of hydrochloric acid, 
by the addition of sodium nitrite. 

The diazonium fiuoroborate separates out to form a paste which is filtered. 
The precipitate is washed with a little fiuoroboric acid and then with alcohol 
and ether — ^jdeld 27 g. 

The dry diazonium fiuoroborate is distilled in quantities of 10 g. Fluoro- 
benzene distils over and is collected in a well-cooled receiver having a side arm 
to which are attached traps containing aqueous alkali to retain the boron 
trifluoride which is liberated in the decomposition. The yield of fluoro- 
benzene is nearly quantitative. 

The replacement of the diazonium group by Cl or Br is effected 
most conveniently either by Sandmeyer’s method {Ber., 1884, 
17, 1633, 2650) or by Gattermann’s method {ibid., 1890, 23, 1218). 
The process due to Gattermann, which has been applied to the re- 
placement of the diazo-group by -Br, -Cl, -CNO, -CN, and other 
groupings, consists in adding copper bronze or copper powder to 
a solution of the appropriate diazonium salt. It is illustrated below. 
In Sandmeyer’s method the replacement by Br or Cl is effected by 
adding a solution of cuprous bromine or chloride in the corresponding 
acid to the diazonium salt and then warming. By a similar pro- 
cess, usn^ cuprous cyanide in potassium cyanide solution or cuprous 
thiocyanide in potassium thiocyanate solution, the diazonium group 
can be replaced by — CN or — CNS. 

Preparation oj Chlorobenzene (1). — solution of aniline (30 g.) in 67 g. of 
concentrated hydrochloric acid diluted with 200 c.c. of water is cooled to 0° 
and diazotised by the addition of a solution of 23 g. of sodium nitrite in 60 c.c. 
of water. The diekzonium solution is then run into 150 g. of a boiling 10% 
solution of cuprous chloride in hydrochloric acid. Chlorobenzene distils over, 
the last amounts being driven over by distillation in steam. The -chloro- 
benzene is separated from the distillate, washed with dilute sodium hydroxide, 
dried, and distilled, b. p. 130° — yield 26 g. 
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By the same procedure, m-chlorobenzoio acid, w-nitrochloroberiizene, 
o- and p-chlorotoluene, and o-chlorophenol have been prepared. The products 
which are not readily volatile in steam can be taken up in ether and purified 
by suitable means (Sandmeyer, Ber., 1884, 17, 1633, 2660). 

(2) A solution of benzenediazonium chloride in an excess of hydrochloric 
acid is prepared from 31 g. of aniline in 150 c.c. of water and 300 g. of hydro- 
ehlorze acid and 23 g. of sodium nitrite. The solution is stirred with a turbine 
and 40 g. of moist copper powder are added. When the reaction is complete, 
the chlorobenzene is isolated by steam distillation — ^yield 24 g. 

By the same process o- and j^-chlorotoluenes are obtained in good yield 
(60 — 65%), while p-chloronitrobenzene is obtained in 70% yield (Gattermann, 
Ber., 1890, 23, 1218). 

Preparation of o-Chlorotoluene, — ^The cuprous chloride required for this 
preparation is obtained by reducing a solution of 125 g. of crystallised copper 
sulphate and 32-5 g. of sodium chloride in 400 c.c. of hot water by the rapid 
addition of a solution of 26*5 g. of sodium bisulphite and 17-5 g. of sodium 
hydroxide in 200 c.c. of water. The mixture is stirred meehanically during 
the reduction, and when it is complete the mixture is cooled and the pre- 
cipitate of cuprous chloride allowed to settle. It is then washed by decantation 
and dissolved in 200 c.c. of concentrated hydrochloric acid. 

The diazonium solution is prepared by adding an ice-cold solution of 28 g. 
of sodium nitrite (28 g.) in 80 c.c. of water to a mechanically stirred mixture 
of o-toluidine (43 g.), 200 c.c. of concentrated hydrochloric acid, and 100 g. of 
ice cooled by an external bath of ice. The diazonium solution is added to the 
cuprous chloride solution, which is cooled to 0° and stirred. The mixture, 
which becomes very thick owing to the formation of an addition compound of 
the diazo -compound with cuprous chloride, is gradually allowed to warm up 
to room temperature. The decomposition is finally completed by warming to 
60° in a water -bath. o-Chlorotoluene is driven over by steam distillation. 
It is separated from the distillate, washed with a small volume of concen- 
trated sulphuric acid, then with water, and dried in contact with calcium 
chloride. Pure o-chlorotoluene is collected at 155 — 158° — yield about 75%. 
p-Chlorotoluene is prepared similarly from p-toluidine (Marvel and McElvain, 
Organic Syntheses, 1923, 3, 33). 

Preparation of o-Nitrochlorobenzene. — o-Nitraniline (30 g.), dissolved in 
150 c.c. of concentrated hydrochloric acid, is poured over 200 g. of ice. The 
temperature falls to — 8° to — 10°, and while the mixture is stirred, a solution 
of 15 g. of sodium nitrite in 50 c.c. of water is added. When a clear solution 
results, it is poured on 15 g. of copper bronze moistened with hydrochloric acid. 
A vigorous evolution of gas occurs. When the reaction is over, the mixture 
is distilled in steam. The c-nitrochlorobenzene in the distillate is taken up 
in ether, washed with dilute aqueous alkali, then with dilute hydrochloric 
acid, dried, and distilled, b. p. 242° (corr.) m. p. 32° — ^yield 22 g. (IJllmami, 
Ben, 1896, 29, 1878), 

Preparation of in-Nitro chlorobenzene. — ^m-Hitraniline (55 g.) dissolved in 
a mixture of 100 c.c. of hot water and 50 c.c. of hydrochloric acid is mixed 
with 110 c.c. of concentrated hydrochloric acid and rapidly cooled by an 
external bath of ice and salt, wlnle it is stirred by an efficient meehanically 
driven stirrer. Diazotisation is efiected at 0° or below, by adding a 30% 
solution of sodiuip. nitrite to the stirred acid solution till there is a faint positive 
test for nitrous acid. The solution is then filtered and added to a solution of 
cuprous chloride (prepared from 120 g. of CuS 04 , 5 H 20 , withHaCl and H^aHSOg) 
(compare above) in 150 c.c. of concentrated hydrochloric acid. The temper- 
ature of the solution must be between 25° and 30° during this operation. When 
all the diazonium solution has been added, the mixture is heated under reflux 
till the evolution of nitrogen ceases, m-Nitroehlorobenzene is isolated by 
steam distilling and subsequently filtering the distillate. The solid product is 
purified by shaking with 100 c.c. of 1% sodium hydroxide at 50°, and then, 
after filtering the cooled mixture, washing the solid on the filter funnel with 
water. After drying, it distils at 124 — 125° /1 8 mm., m. p. 44 — 45° — ^ 3 deld 
40 — 45 g. (Hartman and Brethen, Organic Syntheses, 1923, 3, 79). 



344 REACTIOlsrS OE OEGA^TIC COMPOUNDS 

* Preparation of Bromobenzene, — Aniline (31 g.) in 130 g. of concentrated 
sulphuric acid, diluted with twice its weight of crushed ice, is diazotised by 
the addition of an aqueous solution of 23 g. of sodium nitrite. Potassium 
bromide (130 g.) is added when the diazotisation is complete and then 40 g. of 
copper powder gradually. After keeping for a short time, the bromobenzene 
is driven over by a current of steam — ^yield 22 g., b. p. 155° (Gattermann, Per., 
1890, 23, 1218). 

Preparation of o-Bromotohiene, — ^A solution of 32 g. of o-toluidine in 180 c.c. 
of 40% hydrobromic acid is cooled to 10° and diazotised by the gradual 
addition of 23 g. of powdered sodium nitrite. After each addition of nitrite, 
the flask is stoppered and shaken till no more red fumes are present. The 
temperature must be below 10° throughout the operation. When the diazotis- 
ation is complete, 1 g. of copper bronze is added, a reflux condenser attached 
to the flask, which is heated cautiously till the first signs of decomposition are 
apparent. The reaction mixture is then cooled by ice while the evolution of 
nitrogen proceeds vigorously. When the reaction subsides, the mixture is 
heated on a water-bath for about ^ hour, 200 c.c. of water are added and the 
mixture is steam distilled. The distillate, which should be about 300 c.c., is 
made alkaline by adding about 2 g. of powdered sodium hydroxide. The 
crude o-bromotoluene is then separated, shaken with a little concentrated 
sulphuric acid, then with water, dried with calcium chloride, and rectified, 
b. p. 178 — 181° — ^yield about 22 — 24 g. (Bigelow, Organic Syntheses, 1929, 
9 , 22 ). 

Preparation of p-Bromotoluene, — A solution of 53 g. of p-toluidine and 
98 g. of concentrated sulphuric acid in 500 c.c. of water is cooled by an external 
bath of ice, and when the temperature of the mixture is between 0° and 10°, 
a solution of 35 g. of sodium nitrite in 63 c.c. of water is added. The temper- 
ature must be kept below 10° during the diazotisation. The diazonium 
solution is added from a dropping funnel to a solution of cuprous bromide heated 
by a current of steam. p-Bromotoluene passes over, and is separated from 
the distillate by ether. The ethereal solution is then washed with dilute 
sodium hydroxide and water. The solvent is evaporated, the residue shaken 
with a small volume of concentrated sulphuric acid, and the bromotoluene 
finally washed with water and dried with calcium chloride, b. p. 183 — 185° — 
yield 60 — 63 g. 

The cuprous bromide is prepared by refluxing a mixture of 32 g. of crystalline 
copper s^phate, 10 g. of copper turnings, 77 g. of sodium bromide, and 
15 g. of sulphuric acid in 500 c.c. of water till the solution becomes brown 
(Bigelow, Organic Syntheses, 1925, 5, 21). 

Preparation of o-Tolunitrile. — o-Toluidine (43 g.) is mixed with 100 c.c. of 
concentrated hydrochloric acid and 400 g. of ice and treated at 0° with a 
30% solution of sodium nitrite till there is a faint excess of nitrous acid present. 
The temperature must be kept at 0° by an external bath of ice, and local rises 
in temperature are avoided by mechanically stirring the mixture. The diazon- 
ium solution is neutralised by adding dry sodium carbonate (about 20 g.). 
It is then added slowly to a solution of cuprous cyanide, which is covered by 
a layer of benzene and stirred by an ejBS.cient rapidly rotating stirrer. The 
temperature of the mixture should be between 0° and 5° throughout the opera- 
tion, and when all the diazonium solution has been added, is slowly allowed to 
rise to that of the room. After keeping for some hours, it is gradually warmed 
to 50° by immersion in a warm water-bath and then cooled. The benzene 
layer is separated and distilled in steam. The benzene solution from the 
distillate is dried with calcium chloride and fractionated, first at atmospheric 
pressure to remove the solvent, and then imder reduced pressure. o-Tolu- 
nitrile is cqlleetod at 94 — 96° /20 mm. — yield about 30 g. 

p-Tolumtrile is obtained in the same way from p-toluidine. 

The solution of cuprous cyanide required for this preparation is obtained 
by stinmg cuproi^ chloride (prepared from 125 g. of CuS 04 , 5 Il 20 according 
to the directions given above) with 200 c.c. of water, and then adding a sdlution 
of 65 g. of sodium cyanide in 100 c.c. of water (Clarke and K. B. Read, Organic 
Syntheses, 1925, 4 , 69). 
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Preparation of Phenylthiocyanate. — A solution of 31 g. of aniline in 100 *g. 
of concentrated sulphuric acid diluted with 200 c.c. of water, is cooled to 0° 
and diazotised by the addition of 23 g. of sodium nitrite dissolved in water. 
The diazonium solution is stirred and mixed with an ice-cold solution of potass- 
ium thiocyanate and a paste of cuprous thiocyanate, which has been prepared 
by adding 35 g. of potassium thiocyanate to a solution of 80 g. of copper 
sulphate containing 150 g. of ferrous sulphate. The evolution of nitrogen is 
complete after about 3 hours, when the phenylthiocyanate is steam distilled. 
It is separated from the distillate with ether, dried in contact with anhydrous 
magnesium sulphate, and fractionated, b. p. 232° (Gattermann and TCauss- 
knecht, Ber., 1890, 23, 738). 

Preparatioyi of Phenylcarhimide. — An il ine (10 g.) dissolved in 20 g. of con- 
centrated sulphuric acid diluted with 100 c.c. of water is diazotised with 7*5 g. 
of sodium nitrite. Potassium cyanate (9 g.) is added to the diazonium 
solution and then 5 g. of copper powder. An evolution of nitrogen commences. 
Later a further amount of 5 g. of copper powder is added. The phenyl- 
carbimide, which rises to the surface during the preparation, is skimmed off 
with a spoon and freed from inorganic matter by solution in chloroform. 

Further amounts of phenylcarhimide are obtained by adding more copper 
powder till there is no further evolution of nitrogen. The combined chloro- 
form solutions are dried and fractionated, yield about 2*5 g., b. p. 163 — 167° 
(Gattermann, Ber., 1890, 23, 1225; Gattermann and Cantzler, ibid., 1892, 
25, 1086). 

4. Replacement by Other Groups, — (a) Aryl. It is frequently 
observed that the replacement reactions discussed in the previous 
section yield smaller or greater amounts of derivatives of diphenyl 
(compare Griess, Ber.^ 1885, 18, 965; Hirsch, ibid,, 1890, 23, 3705; 
1892, 25, 1973). This is particularly noticeable with nitrobenzene- 
diazonium salts. Thus diazotised o-mtrandhne furnishes only a poor 
yield of o-chloronitrobenzene when treated with cuprous chloride 
under the conditions of the Sandmeyer reaction; the principal 
product being 2 : 2'-dinitrodiphenyl. The diazonium chlorides 
derived from m-nitraniline, 5-chloro-2-nitraniline, S-nitro-^-toluidine, 
2-nitro-_p-toluidine, 6-nitro-o-toluidine, 5-nitro-o-toluidme, and 4- 
nitro-o-toluidine behave similarly, the replacement of the diazonium 
group by halogen being the minor reaction (UUmann and Forgan, 
Ber., 1901, 34, 3802; UUmann and Frentzel, ibid,, 1905, 38, 725; 
V. Niementowski, ibid., 1901, 34, 3325). Apparently the experi- 
mental conditions are an important factor in determining the yield 
of the diphenyl derivative. By careful control using the Sandmeyer 
reaction it is possible to obtain an exceUent yield of m-nitrochloro- 
henzene from m-nitraniline (see p. 343). 

Some diazonium solutions which behave normaUy under the con- 
ditions of the Sandmeyer reaction can be made to furnish diphenyl 
derivatives by treatment with alcohol and either zinc dust, copper 
powder, or iron powder (Gattermann and Ehrhardt, Ber., 1890, 23, 
1226). Under these conditions an aqueous acid solution of bem^ne- 
diazonium sulphate yields diphenyl; diazotised p-naphthylamine 
furnishes p.S'-dmaphthyl (Chattaway, J,, 1895, 67, 653). 

Preparation of Diphenyl. — An aqueous acid solution of benzenediazonmm 
sulphate is prepared by treating a solution of 31 g. of aniline in 40 g- 
centrated sulphuric acid and 150 c.c. of water with 23 g. of sodium nitrite in 
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water. The solution is mixed with 100 g. of 90% alcohol and 50 g. of copper 
powder are added slowly while the mixture is stirred. After 1 hour the diphenyl 
is driven over by steam, m. p. 70° — ^yield 6 — 7 g. 

The copper powder may be replaced by zinc dust (100 g.). 

The temperature of the reaction must be kept below 30 — 40°. 

In this preparation of diphenyl an appreciable amount of material 
which is not volatile in steam is formed. This consists largely of 
diphenylhenzene (I), didiphenyl (II), and didiphenylbenzene (III) 
(Gerngross, Schachnow, and Jonas, Rer., 1924, 57, 747). The yield 
of the higher hydrocarbons is increased by carrying out the reaction 
in acetic acid containing some formic acid. 



(III.) 


Preparation of Diphenylhenzene, Didiphenyl, and Didiphenylbenzene . — 
Aniline (85 g.) dissolved in a hot solution of 170 g. of concentrated sulphuric 
acid and 520 g. of acetic acid is rapidly cooled to 5 — 10° and diazotised by the 
addition of 110 g. of amyl nitrite. When the diazotisation is complete, 50 g. 
of formic acid are added, the solution is cooled to 0 — 2° and stirred vigorously 
by a mechanically driven stirrer. Copper powder (10 g.) is then added, and 
a further 40 g. over a period of 3 hours. The reaction is complete when the 
solution no longer couples with R salt (4 hrs.). 

Diphenyl is isolated from the product by distillation in steam. The dis- 
tillate is made alkaline with sodium carbonate, extracted with ether, and the 
ethereal solution washed with 10% sulphuric acid, with 2A’-sodium hydroxide, 
dried, and fractionated to separate the diphenyl from the amyl acetate which 
is formed in the reaction. The diphenyl is obtained pure by crystallisation 
from alcohol — ^yield 7 g. 

The non-volatile residue in the flask is an ochre-yellow fiocculent pre- 
cipitate, and a further amotmt is obtained by neutralisation with sodium 
carbonate. It is collected on a filter and washed with water, and then dried 
at 120^ and stirred till it can be powdered at room temperature. It consists 
of copper powder mixed with the higher hydrocarbons. The separation is 
efleeted by sublimation from a copper flask the neck of which is inserted into 
the neck of a distillation flask and luted. The sublimation is continued at 
30 mm. till the heating bath of graphite has reached a temperature of 400°. 
The sublimate, 17 g., is extracted with 150 c.c. of benzene in a Soxhlet ap- 
paratus. An insoluble residue of crude didiphenylbenzene remains (2*5 g.), 
which is purified by boiling with 100 times its weight of xylene followed by 
crystallisation from quinoline — m. p. 388° (corr.). 

The benzene extract deposits crude didiphenyl on cooling (3-2 g.), 
while evaporation of the filtrate to half its volume furnishes a mixture of 
diphenylhenzene and didiphenyl. Evaporation of the solution to dryness 
yields crude diphenylhenzene. 

The crude diphenylhenzene yields the pure product on xiistillation luider 
reduced pressure, b. p. 214^250° Jib mm., and a further amount is obtained 
by treatinjg the other fractions similarly — yield 5-4 g., m. p. 205°. 

residue from the separation of the diphenylhenzene is sublimed under 
a high vacuum. Pure ^diphenyl is collected between 180° and 230°-*-yield 
1*6 g., m. p. 302°; didiphenylbenzene at 285 — ^290° (Gerngross andDunkel, 
Ber., 1924, 57, 742), ^ ® 
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An interesting application of the diphenyl preparation by the 
diazo-reaction is the synthesis of phenanthrene and its derivatives. 
When the diazonium salt from a-phenyl-o-aminocinnamic acid is 
treated in aqueous solution vtdth copper powder, the diazonium 
group is ehminated, and the two phenyl groups unite to give phen- 
anthrene carboxyhc acid (Pschorr, Ber.^ 1896, 29, 496). This re- 
action has been extended by Pschorr to the synthesis of other substi- 
tuted derivatives of phenanthrene {Ber., 1906, 39, 3106). 



A similar type of internal condensation occurs when solutions of 
diazonium salts from some substituted o-aminobenzophenones are 
heated. Pluorenones are formed with o-hydroxy-substituted benzo- 
phenones as by-products (UUmann and Mallet, Ber., 1898, 31, 1694). 

Preparation oj Phenanthrene-^ -carboxylic Acid. — ^Dilute sulphuric acid 
{d, 1*19) is added to a suspension of g-phenyl-o -aminoci u namic acid (12 g.) 
in 160 c.o. of water. The resulting solution is diazotised by the addition 
of 4 g, of sodium nitrite in 20 c.o. of water. After filtering, the solution is 
shaken with 14 g. of copper powder till the diazonium salt has completely 
decomposed, as shown by its failure to couple with a-naphthylamine. The 
end of the reaction can also be recognised by the green colour of the solution. 

The suspended matter, consisting of copper powder and phenanthrene 
carboxylic acid, is collected and extracted with dilute aqueous ammonia. 
The acid is precipitated from the anunoniacal solution by adding an excess of 
dilute acid, m. p. 250° — ^yield 93%. 

Another method for the preparation of diphenyl and its substi- 
tuted derivatives consists in allowing the diazo-anhydride to react 
with an aromatic hydrocarbon (Kuhling, Ber., 1895, 28, 41 ; Bam- 
berger, p, 403). Thus sodium p-nitrohenzenediazotate mixed 
with benzene and sufficient acetic acid to hberate the diazo-anhydride 
furnishes p-nitrodiphenyl in good yield. 

NOa-CeH^-NgOH + CeH^ — ^ NO.yCeH.-CeH^ + + H,0 

More recently, this process has been modified and applied to the 
preparation of a large number of substituted derivatives of diphenyl. 
It is accompanied, however, by other reactions, such as replacement 
of the diazo-group hy hydrogen and by the formation of azo-com- 
pounds (Gomberg and Bachmann, J. Amer. Chem. Soc., 1924, 46, 
2339; Gomberg and Pemert, ibid., 1926, 48, 1372). The experi- 
mental procedure is best indicated b^ the following. 

Preparation of p-Bromodiphenyl. — p-Bromaniline (43 g.) is melted with 
20 c.c. of water and then 50 c.c. of concentrated hydrochloric acid are added 
to the* stirred mixture. It is heated till a practically clear solution is obtaioed, 
and then rapidly cooled while stirred so as to obtain the hydrochloride in ^ 
fine a state of division as possible. The ice-cold suspension is diazotised by the 
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addition of sodium nitrite (about 18 g.) in twice its weight of water till there is 
a faint yet definite indication for free nitrous acid in the solution. 

The diazotised solution is then pomed into a lJ-1. wide-necked bottle 
surrounded by ice. Benzene (300 e.c.) is now added, and the mixture stirred 
with an efficient mechanically driven stirrer while 58 e.c. of 5iV-sodium hydr- 
oxide are added drop by drop from a dropping funnel. The addition of the 
alkali must be so regulated that the yellow precipitate which is produced 
can react readily with the benzene- The temperature of the mixture should 
be about 5®, and it is allowed to warm up to room temperature after all the 
alkali has been added. The benzene layer is separated and steam distilled. 
After all the benzene has been driven over, the receiver is changed and the 
distillation flask heated in an oil-bath at 170°. p-Bromodiphenyl passes over 
with the steam. It is collected by filtering the distillate and purified by dis- 
solving in about 200 c.e. of hot ethyl alcohol, and then adding 5 g. of zinc dust 
and about 5 c.c. of concentrated hydrochloric acid. Pure p-bromodiphenyl 
crystalhses from the hot filtered solution, m. p. 90° — ^yield 20 — 21 g. (Gomberg 
and Bachmann, Organic Syntheses, 1928, 8, 43). 

Similarly diphenyl has been prepared by the reaction of sodium 
benzenediazotate with benzene. The yield is, however, only 11%. 
The benzene in this reaction can be replaced by thiophene, which 
yields phenylthiophene ; nitrobenzene furnishes 4-nitrodiphenyl. 
Bromobenzene and benzonitrile react similarly. The diazo-com- 
pound may be derived from chlor- or brom-anilines, the toluidines, 
nitranilines, m- or ^p-aminobenzonitrile or _p-aminodiphenyL Un- 
fortunately, the yields from most of these preparations are low, 
usually between 10 and 40% of the theoretical. A discussion of the 
nature of this reaction is contained in a paper by Grieve and Hey 
(J., 1934, 1797). 

An alternative method consists in adding the dry diazonium 
chloride to the appropriate hydrocarbon such as benzene, or naph- 
thalene mixed with some anhydrous aluminium chloride (Mdhler and 
Berger, Ber., 1893, 26, 1196, 1994). Thus with benzene, diphenyl is 
formed, while naphthalene yields a mixture of a- and |3-phenyl- 
naphthalenes. The method has also been used for the preparation 
of phenylpyridine and phenylquinoline, and in these cases the 
addition of aluminium chloride is unnecessary. 

Ph-NgCl + CgHe — ^ Fh-CgHs + -f HCl 

(b) Nitro-Grcm/p , — This replacement can be effected by treatment 
of a solution of a suitable diazonium nitrate with cuprous oxide and 
nitrous acid (Sandmeyer, Ber., 1887, 20, 1494). Another procedure 
for this reaction is to add copper powder to an aqueous solution or 
suspension of thp double compoimd of mercuric nitrite and the di- 
azonium nitrate (Hantzsch and Blagden, Ber:, 1900, 33, 2551), or to 
treat the diazonium salt with an excess of potassium nitrite and a 
suspension of cupro cupric sulphite. 

Preparation of ^-Nitronaphthalenefrom P-Naphthylamine, — ^jS-Naphthylamme 
(7 g.) is added to a boiling solution of 15 g. of nitric acid {d, 1*4) and 250 c.c. 
of water, the solution rapidly cooled and the paste of j3-naphthylamine nitrate 
ffiazotised by adding 12 g. of sodium nitrite in 40 c.c. of water. The S(?lutioix 
is then added to a suspension of cuprous oxide in water (prepared from 50 g. 
of CuSO^^SBLjO by reduction with glucose and aqueous alkali, the alkali 
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being subsequently neutralised by acetic acid) slowly and with cooling.. 
About 20 minutes after mixing, sufficient alcohol is added to dissolve the foam. 
The mixture is kept for several hours and then steam distilled. The solid 
which is obtained in the distillate is a mixture of naphthalene and nitro- 
naphthalene. It is collected and heated in a small dish on a water-bath for 
2 hours to sublime away most of the naphthalene. The residue, crystallised 
from alcohol, is pure ^-nitronaphthalene, m. p. 78 — 79° — ^yield 0*o g, (Sand- 
meyer, Ber., 1887, 20, 1497). 

Preparation of Nitrobenzene from Aniline, — A diazonium solution prepared 
from 9 g. of aniline, 50 c.c. of water, 20 g. of concentrated nitric acid, and 15 g. 
of sodium nitrite is added to a suspension of cuprous oxide. After keeping 
for 1 hour, the nitrobenzene is driven over in steam, taken up from the dis- 
tillate with ether, and freed from phenol and nitrophenol by washing with 
alkali. After drying and fractionating, 4 g. of nitrobenzene are obtained 
(Sandmeyer, loc. cit.). 

Preparation of p-Dinitrobenzene, — ^p-Nitraniline (28 g.) in 100 c.c. of nitric 
acid (d, 1*4) is diazotised by the addition, at 0°, of a concentrated aqueous 
solution of 75 g. of sodium nitrite and then added gradually to a suspension 
of cuprous oxide (from 200 g. of CuS 04 , 5 H 20 ). Alcohol is added at intervals 
to moderate the foaming. The mixture is kept for 2 days and then steam 
distilled. p-Dinitrobenzene slowly collects in the distillate, from which it is 
separated by filtration. A further amount is obtained by extracting the 
aqueous portion of the distillate with ether. p-Dinitrobenzene crystallises 
from alcohol, m. p. 172 — 173° — ^yield 8 g. (Meisenheimer and Patzig, Per., 
1906, 39, 2528), 

(c) SulpMnic Group. — ^The general procedure consists in satur- 
ating a solution of the diazonium sulphate in dilute sulphuric acid 
with sulphur dioxide and then adding copper powder. This method 
has been successfully applied to the preparation of benzenesulphinic 
acid and many of its homologues and halogen and alkoxy-substituted 
derivatiyes. Apparently oidy poor yields of the required sulphinic 
acid are obtained from m-toluidine (Gattermann, Ber., 1899, 32, 
1136; Troeger and Hille, J. pr. Chem., 1903, [ii], 68, 297; 1905, 
[ii], 71, 207). An elegant modification for the isolation of the sul- 
phinic acid has been introduced by J. Thomas. It consists in pre- 
cipitating the sulphinic acid as its ferric salt from acid solution 
(J., 1909, 95, 342). 


Preparation of Benzenesulphinic Acid, — A solution of aniline (10 g.) in 
150 c.c. of water and 20 g. of concentrated sulphuric acid is diazotised by the 
addition of a solution of 8 g. of sodium nitrite in 40 c.c. of water. After the 
diazotisation, an ice-cold mixture of 30 c.c. of water and 40 g. of concentrated 
sulphuric acid is added, and while the solution is still cooled in ice, sulphur 
dioxide is passed in till there is no further increase in weight. The solution 
should not develop any serious colour during this operation and should be 
quite clear. When it is saturated with sulphur dioxide, it is stirred and copper 
powder added gradually till no more nitrogen is evolved. When the reaction 
is complete, the suspended copper is filtered ofi and washed with several 
small amounts of very dilute ammonia to remove any sulphinic acid which 
may have separated. 

The ammoniacal washings are added to the sulphuric acid filtrate. The 
combined filtrate and washings should be acid. It is then treated with a 
very concentrated aqueous solution of ferric chloride as long as any precipitate 
is formed. The precipitate, which is the ferric salt of benzeneipfiphinic acid, 
is filtered ofi, washed with water, and dried with the aid of a littfe ^cohol — 
yield 16 g- 
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The ferric salt is decomposed by aqueous alkali with the formation of ferric 
hydroxide and a solution of the sodium salt of the sulphinic acid. On acidify, 
iugy the sulphinic acid is liberated, and may be isolated by extraction with 
ether (Gattermann, Zoc. cit. ; Thomas, loo. cit,). 

(d) Preparafton of Aryl-arsinic * and -stibinic Acids, — The replace- 
ment of the diazoninm group by -AsOgHg is generally effected by the 
action of sodium arsenite in aUialine solution (Bart, Annalen, 1922, 
429, 65). 

Preparation of p-Tolylarainic Acid. — suspension of p-toluidine (10-7 g.) 
in 100 c.c. of water is mixed with 35 c.c. of hydrochloric acid (d, 1*126), the 
resulting solution cooled to 5° and diazotised by the addition of 100 c.c. of 
A^-sodium nitrite solution. When the diazotisation is complete, a solution 
of 20 g. of sodium arsenite (NagHAsOg) in 100 c.c. of water is added, and while 
the mixture is being stirred, 125 c.c. of A'-sodium hydroxide are added gradually. 
The solution is stirred till it gives no further test for a diazo -compound (3 — 4: 
hours). The temperature of the solution during the preparation can rise to 
15° without any serious effect on the yield. 

The solution is evaporated on the water-bath to about 200 c.c. and filtered 
from small amounts of tarry matter. The filtrate is rendered feebly acid by 
adding about 7 c.c. of concentrated hydrochloric acid and then boiled with 
decolorising charcoal and filtered hot. The addition of 8 c.c. of concentrated 
hydrochloric acid to the hot filtrate causes the separation of jj-tolylarsinic 
acid as a paste of crystals — ^yield 12 g. The product is practically pure. It 
may be further purified by trituration with cold ethyl acetate, followed by 
recrystallisation from water (Bart, loc, cit., p. 82).^^ 

Preparation of p-Nitrophenylarsinic Acid. — p-lsTitraniline (13*8 g.) is dis- 
solved in 80 c.c. of hot hydrochloric acid (d, 1*126), the solution cooled and then 
diazotised by the addition of 8 g. of sodium nitrite in 25 c.c. of water, the 
temperature being kept below 15°. When the diazotisation is complete, the 
solution is diluted to 1000 c.c., and treated at about 10° with 5A-sodiura 
hydroxide till the acid reaction to congo paper has just disappeared. The 
solution is then poured in a thin stream into 400 c.c. of 10% sodium arsenite 
diluted with 450 c.c. of water. When the evolution of nitrogen ceases, the 
solution is evaporated to 400 c.c., acidified feebly with hydrochloric acid and 
filtered. The filtrate is then rendered acid to congo paper and evaporated 
till crystals commence to separate — ^yield about 11 g. The product is 
purified by crystallisation from water using decolorising charcoal. It forms 
colourless needles, m. p, above 300° dec. (Bart, loc. cit,, p. 95). 

(e) Thiol, Sulphide and Disulphide. — A. general method for the 
preparation of thiophenols by the diazo-reaction is due to Leuckart 
{J. pr, Chem., 1890, [ii], 41, 179). It consists in mixing ice-cold 
solutions of a diazonium chloride and potassium xanthogenate in 
molecular proportions. The aryl derivative of ethyl thiocarbonic 
acid separates on warming, and this on hydrolysis with alcoholic 
potash yields a thiophenol. 

Ph-N^Cl + EtO-CS-SK — ^ N 2 + KCl + Ph-S-CS-OEt ^ PhSH 

The formation of sulphides and disulphides occurs on adding an 
alkali sulphide to a diazonium solution; less rarely, the product 
contains a thiophenol as well (Graebe and Mann, Ber., 1882, 15, 
1683 ; Purgotti, Gazzetta, 1890, 20, 24). This reaction is very satis- 

* Recently the suffix arainic acid has been changed to arsonic acid by the 
Chemical Society. 
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factory for the preparation of the disulphide from the dia-zo-com- 
pounds derived from anthranilic acid. 

5. Action of Alkalies : Formation of Diazotates, — ^The addition of a 
solution of henzenediazonium chloride to excess of a cold concen- 
trated aqueous solution of potassium hydroxide causes the separ- 
ation of a potassium salt having the formula Ph-Ng’OK (compare 
Griess, 1867, 20, 46). If the temperature has not been allowed 
to rise unduly, the freshly prepared salt couples with P-naphthol. 
If, however, the potassium salt is warmed with an excess of potash, 
the power to couple with p-naphthol is lost, although the diazonium 
chloride is still formed on acidof^ring with hydrochloric acid. There 
appear therefore to be two isomeric potassium salts of the formula 
Ph'Ng'OK, which differ in their behaviour to P-naphthol. They are 
not derivatives of henzenediazonium hydroxide, for it is possible to 
isolate from one of them by the action of acetic acid a ^azohydr- 
oxide, Ph'Ng-OH, which has acidic properties and is soluble in ether 
(compare this with the diazonium hydroxide, p. 335). The other 
potassium salt yields a diazo-anhydride (Ph*ISr2)20. The potassium 
salts are formulated as Ph-NIN'OK, which allow^ of the existence of 
two stereoisomers on the Hantzsch-Werner hypothesis. 


(I-) 


N-OK 


I I 

KO-N 


(II.) 


The formula (II) has been given to the labile potassium salt which 
couples with p-naphthol and which is transformed into (I) on warming 
v/ith alkali. These formulae not improbably may require to be 
interchanged in view of the recent work on the steric configuration 
of the oximes (Meisenheimer, Zimmermann, and v. Kummer, 
Annalen, 1926, 446, 205; W. H. MiUs, B. A. Report, 1932, 37). 
Instead of the terms syn and anti, which are frequently used to 
distinguish these stereoisomers, it is proposed to distinguish them by 
the prefixes labile and stable. Corresponding with the two series of 
alkali salts, are two series of cyanides, which are obtained by mixing 
the diazonium salt with concentrated aqueous alcoholic potassium 
cyanide at — 10°. These diazo- cyanides are coloured and sparingly 
soluble in water. They are quite distinct in their properties from 
the true diazonium cyanides which have been prepared by evapor- 
ation of a diazonium hydroxide with hydrogen cyanide, and which 
resemble the alkali cyanides in being colourless and soluble in water. 
The labile diazo-cyanides couple with P-naphthol, but on keeping 
they gradually lose this property, the m. p. rising as the change to 
the stable diazo-cyanide proceeds (Hantzsch and Danziger, Ber., 
1897, 30, 2529). 

Preparation of Labile Benzene Potassium Biazotate. — 15% solution of 
benzonediazonium chloride (10 c.c.) is slowly added to a mixture of 140 g, 
of pota^ium hydroxide and 60 c.c. of water cooled to 5°. The temperature 
is allowed to rise to lo — 20°, when the potash dissolves, and the pota ^iu m 
benzene diazotate separates. It is collected by filtration, drained on porous 
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earthenware, and quickly recrystallised by dissolving in 3 c.c. of alcohol at 
— 5°, filtering, and adding 25 — 30 c.c. of dry ether. The potassium salt is 
thus obtained as white silky needles. 

If the mixture of diazotate and alkali is warmed to 130°, it loses 
its power of coupling with p-naphthol and the stable diazotate 
results. The stable diazotate from ^-nitrobenzenediazonium chlor- 
ide is obtained at a lower temperature. 

Preparation of Stable ^-Nitrobenzene Sodium Diazotate. — 10% solution 
of p-nitrobenzenediazonium chloride, prepared from 54 g. of p-nitraniline, is 
poured rapidly into 1600 c.c. of 18% aqueous sodium hydroxide which is 
warmed to 50 — 60° and stirred vigorously. A yellow solution is formed 
almost immediately, and golden-yellow platelets of the sodium salt commence 
to separate. The amount increases on cooling, and after several hours, the 
precipitate is collected — ^yield 95% of theoretical (Schraube and G. Schmidt, 
Ber., 1894, 27, 518). 

Preparation of Labile p-Methoxybenzene Potassium Diazotate. — ^A solution 
of freshly prepared p-methoxybenzenediazonium bromide (1 g.) in 2 c.c. of 
water is added to a solution of 2-65 g. of potassium hydroxide in an equal 
volume of water cooled to — 10°. The diazotate is precipitated as white 
leaflets. It is drained and dried on a porous tile in a vacuum desiccator over 
phosphorus pentoxide. The salt is hygroscopic and becomes tarry in moist 
air. ^-Cumene potassium diazotate is prepared similarly (Hantzseh, Ber.^ 
1900, 33, 2158). 

Although both series of salts yield a diazonium salt on acidific- 
ation with mineral acid, they behave differently with acetic acid. 
The labile salts yield diazoanhydrides, which are highly coloured 
explosive sohds and are hydrolysed by alkali to diazotates. The 
stable diazotates furnish diazohydrates, R*NIN*OH, which in general 
are soluble in such organic solvents as ether, benzene, and chloro- 
form. They are extracted from ethereal solution by alkali with the 
formation of diazotate. In aqueous solution or in chloroform or 
benzene they probably isomerise more or less readily to primary 
nitrosamines (compare Hantzseh, J5er., 1912, 45, 3036; Hantzseh 
andPohl, ibid., 1902, 35, 2964). 

R*N:N-0H — > R-NH-NO 

Secondary nitrosamines result from the reaction of alkah 
diazotates with alkyl iodides (Schraube and Schmidt, loc. cit.). 
With acyl halides nitrosoanihdes are formed. Thus nitrosobenz- 
anilide results when benzoyl chloride is shaken with an alkahne 
solution of benzene sodium diazotate. Acetic anhydride reacts 
with an alkaline solution of p-toluene sodium diazotate to give 
nitrosoacet-p-toluidide (v. Pechmann and Frobenius, Ber., 1894, 
27, 651). 

R-Na'ONa + Ph-CO-Cl - R-N(NO)-CO-Ph + NaCl 
R-%ONa + CH 3 I - R-N(NO)-CH 3 + Nal 

In connection with the ready conversion of diazotates into nitroso- 
compomids, it is of interest to note that nitramines are formed by 
oxidation of diazo-compounds in alkaline solution. ^ 

Ph-N^-OK — ^ Ph-NK-NOs, 
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PrepaTation of PhenylnitraTnine. — Aniline (10 g.) is diazotised in as concen- 
trated solution as possible containing 2^ mol. proportions of hydrochloric 
acid. The diazoninm solution is poured in a thin stream into a solution of 
potassium ferricyanide (71 g.), which is cooled in ice and mixed with 120 g. of 
20% sodium hydroxide solution. Efficient cooling is necessary during this 
operation. The solution is kept at 0° till it no longer couples with R salt 
(about 70 — 80 hours). _ The solution is then acidified with 30% sulphuric acid 
while it is still cooled in ice, till it turns congo paper a pure blue colour. It is 
then extracted several times with ether. The nitramine is extracted from the 
ethereal solution by shaking it several times with concentrated ammonia. 
The ammoniacal solutions are combined, boiled with decolorising charcoal, 
concentrated by evaporation, and then acidified after cooling in ice. The 
nitramine separates as a paste of crystals, which are washed and dried on 
porous earthenware, m. p. 46 — 47° (Bamberger, Ber,, 1893, 26, 472 ; 1894, 27, 
363). 

6. Reaction of Diazonium Salts with Amines : (a) Formation of 
Fiazoamino-Compov/nds. — ^The addition of a diazonium compound 
to a primary or secondary amine yields a diazoamino-compound as 
the initial product. 

Ph-Ng-Cl + RPNH — > Ph-Na-ISTHR + HCl 

This reaction proceeds quite readily with secondary aliphatic 
amines, being effected by adding the neutral diazonium salt solution 
to an aqueous solution of the amine, the temperature being kept at 
0°. Primary aliphatic amines, in general — ^benzylamine is an excep- 
tion — ^react to yield hisdiazoamino- compounds of the type 
R*!N'(N’ 2 *Ph) 2 . In some instances it is possible to regulate the con- 
ditions so that the product contains a notable proportion of the 
monodiazoamino-compound (Goldschmidt and Holm, Ber,, 1888, 21, 
1016 ; Goldschmidt and Badl, ibid., 1889, 22, 933 ; Dimroth, 
1905, 38, 2328; Dimroth, Eble, and Gruhl, ibid., 1907, 40, 

2390). 

Both types of condensation take place with the aromatic primary 
aromatic amines, although the formation of a monodiazoamino- 
compound is the more common. It is brought about by the reaction 
of the diazonium salt, in concentrated aqueous solution, with an 
aqueous solution of the appropriate amine hydrochloride, sodium 
acetate being added when the reactants have been mixed. 

Preparation of Diazoaminohenzene. — solution, of 5 g. of aniline in a mixture 
of 18 c.c. of concentrated hydrochloric acid and oO c.c. of water is diazotised. 
A solution of 6-5 g. of aniline hydrochloride in 30 c.c. of water is added, and 
then a concentrated solution of 25 g. of crystalline sodium acetate. The diazo- 
amino -compomid separates out, and after about J hour it is collected, washed 
with water, and dried on porous earthenware.. It crystallises from light 
petroleum (b. p. 70 — 100°) as golden-yellow crystals, m. p. 98°. 

This general method can be applied to the preparation of other diazoamino- 
compounds of the benzene series. 

The condensation may also be effected by adding the diazonium 
solution to an alcoholic or acetic acid solution of the amine and 
subsequently adding sodium acetate. 

Under the conditions described above for the preparation of 

A A 
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diazoamino compounds, some primary aromatic amines may yield 
an appreciable amount of the isomeric amino-azo- compound. This 
occurs particularly with aminonaphthalenes which form aminoazo- 
compounds almost exclusively. Alkyl arylamines, if the ^im- 
position is free, tend to yield aminoazo-compounds rather than 
diazoamino-compounds. m-Phenylenediamine also yields amino- 
azo-compounds. The presence of substituents in the aromatic 
nucleus has an influence on the ease or completeness with wMch 
aminoazo-compounds are formed. A fuU account of this is given 
by Morgan and Micklethwait (J., 1907, 91, 370), who also give 
references to earlier papers. As a further complication in the pre- 
paration of diazoamino-compounds, the product may not have the 
expected structure. Thus diazotised (B-naphthylamine reacts with 
4-m-xylidine to give m-xylene-4-azo-p-naphthylamine (Norman, 
J., 1919, 115, 675). This comphcation is probably due to an inter- 
change of amino- and diazo-groups, a change which has been 
observed with several pairs of amine hydrochlorides and diazo- 
salts. Thus diazosulphanilic acid and ^-toluidine, if mixed in 
aqueous solution, yield some sulphanilic acid and j9-toluenediazo- 
chloride (Griess, Ber.^ 1882, 15, 2190). 

The formation of bisdiazoamino-compounds from arylamines 
takes place by the action of a diazonium salt on a monodiazoamino- 
compound dissolved in alcohol containing sodium alkoxide, or by 
coupling the primary amine with the diazonium salt in alcoholic 
solution containing sodium alkoxide. 

(b) Formation of Aminoazo-Compounds . — ^It has already been 
stated that some primary amines, such as the naphthylamines and 
m-phenylenediamine yield aminoazo-compounds directly under 
conditions which normally lead to the formation of diazoamino- 
compoimds from less reactive amines. Aminoazo-compounds can 
be prepared from the diazoamino- compound by keeping it in an 
excess of the amine containing some dissolved amine hydrochloride. 

PhNH-NIN-Ph — > PhNIN-CgH^-NHg. 

It seems not improbable that this apparent rearrangement is due 
to the fission of the diazoamino- compound into its generators, 
followed by reaction of the resulting diazo- compound with the 
nucleus of the amine. Evidence in support of this view has been 
summarised by K. H. Meyer (Bar., 1921, 54, 2267), who has also 
shown that the formation of aminoazo-compounds from aniline can 
be accomplished without the intermediate formation of diazoamino- 
compoimds if suitable experimental conditions are chosen. 

7. Meaction of Diazonium Salts with Phenols . — The formation of 
hydroxyazo- compounds by the reaction of diazonium salts with 
phenols has been discussed already on p. 96. 

8. Meduction of Diazo-Compourlds. Formation of Aryl Hydrazines. 
— The reduction of a diazonium salt by tin and hydrochloric acid 
results in the formation of an arylhydrazine (V. Meyer and Lecco, 
Ber., 1883, 16, 2976 ; E. Fischer, ibid., 1884, 17, 572, footnote). This 
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reaction Las been used, not only for the preparation of phenyl- 
Lydrazinej but also to prepare the naphthylhydrazines and many of 
the nuclear-substituted derivatives of phenylhydrazine (Neufeld, 
Armalen, 1888, 248, 93). It has even been applied to the reduction 
of diazotised o~ and m-nitranilines for the preparation of the corre- 
sponding nitrophenylhydrazines (Bischler, Ber., 1889, 22, 2801). 

A more convenient and general method of preparing arylhydr- 
azines consists in reducing the appropriate diazosulphonate vith 
bisulphite or sulphur dioxide, and subsequently hydrolysing the 
hydrazinesulphonic acid thus formed (E. Eischer, Annalen, 1877, 
190, 71). ^ 

PhN^Cl + Na 2 S 03 — ^ PhNIN-SOgNa + NaCl 
PhNIN'SOaNa + NaHSOs + ELO — > Ph-NH-NHSOoNa + NaHSO. 
PhNH-NHSOsNa + HCl + HgO — > Ph-NH*NH2,HC1 + NaHS 04 

Preparation of Phenylhydrazine {Method 1). — solution of aniline (10 g.) 
in 200 c.c. of concentrated hydrocMoric acid is diazotised by the addition of 
8 g. of sodium nitrite in 50 c.c. of water with the usual precautions. An ice- 
cold solution of 50 g. of stannous chloride in 45 c.c. of concentrated hydrochloric 
acid is added to the ice-cold diazo -solution. A precipitate of phenylhydrazine 
hydrochloride separates. It is collected after keeping for about 4 hour. After 
thoroughly draining, the free base is liberated by the addition of an excess of 
sodium hydroxide solution. The phenylhydra 2 dne is taken up in ether, the 
ethereal solution dried, and after removing the solvent the product is distilled 
under reduced pressure, b. p. 120°/12 mm. (Meyer and Lecco, loc. cit.). 

{Method 2.) — ^A solution of 28 g. of aniline in diluted hydrochloric a-cid 
(80 c.c. of acid and 100 c.c. of water) is diazotised and the resulting solution 
added to a suspension of 160 g. of sodium sulphite (crystals) and 24 g. of an- 
hydrous sodium carbonate in about 100 c.o. of water. The mixture must be 
stirred during the addition of the diazo-solution. The diazosulphonate is 
precipitated as an orange-coloured voluminous solid. the formation of 

the sulphonate is complete, the mixture is warmed to 30° and saturated with 
sulphur dioxide. The solution is then warmed to about 70° and filtered. 
The addition of concentrated hydrochloric acid (200 c.o.) to the filtrate causes 
the separation of phenylhydraziae hydrochloride, which is collected after 
keeping overnight (E. Fischer, Annalen, 1877, 190 , 71; Cohen, Practical 
Organic Chemistry, 1924, p. 196). 

Preparation of p-Nitrophenylhydrazine. — A solution of p-nitrobenzenediazon- 
ium chloride, from 10 g. of p-nitraniline and 21 g. of concentrated hydrochloric 
acid, is filtered and added slowly to an ice-cold solution of 41 g. of sodium 
sulphite crystals in 100 c.c. of water containing 4 g. of sodium hydroxide. 
The solution is stirred mechanically during the addition, which should require 
about 5 minutes. After keeping for a further period of 5 minutes, the solution 
is acidified with concentrated hydrochloric acid (70 c.c.) and then heated in a 
water-bath at 55° for 3 minutes. The mixture is then kept overnight, 
when the yellow crystalline mass, which has separated, is collected and heated 
on a steam-bath with 20 c.c. of concentrated hydrochloric acid for 7 minutes. 
After cooling and keeping, the precipitate, consisting of the hyc^ehloride of 
p-rntrophenylhydrazine and sodium salts, is collected, dissolved in water, and 
treated with a concentrated solution of sodium acetate. p-Mtrophenyl- 
hydrazine separates — ^yield about 7 — 8 g. — light brown platelets from aqueous 
alcohol, m. p. 157° (dec.) (Bamberger and Kraus, Ber., 1896, 29 , 1834; Davies, 
J'., 1922, 121 , 717). 

(b) Aliphatic Diazo-CompouTids^ 

Although the preparation of a diazotate of the formtda 
CH3*NIN-0K has been described {IIanb?:sch and Lehmann, Ber,, 
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1902, 35, 901 ; see p. 330), and some aliphatic diazocyanides and 
sulphites are known (E. Fischer, A/tiTiolcTi, 1879, 199, 303 ; W^olff, 
ibid,, 1902, 394, 41 ; w. Pechmann and Manck, Ber,, 1895, 28, 2374), 
there appears to be no record of any aliphatic compound corre- 
sponding to the aryldiazonium salts having been isolated. Instead, 
the best-known and most accessible diazo -derivatives of the ahphatic 
series have the general formula R-CHlNg. (The following papers 
should be consulted for a discussion of the disposition of the nitrogen 
valencies and the structure of the diazo group in these compounds : 
Sidgwick, 1929, 1108 ; Sidgwdck, Sutton, and W. Thomas, ibid., 
1933, 406; Lindemann, Walter, and Groger, Bar., 1930, 63, 702.) 

The preparation of diazo -paraffins, where R = H or alkyl, has 
been described on p. 330. The ffist member of this series, 
diazomethane, CH^Ng, is a poisonous yellow gas, which is almost 
universally used in ethereal solution. Its homologues are in 
general more deeply coloured. Other diazo-compounds are di- 
phenyldiazomethane, PhgCIN phenyldiazomethane, PhCIENg, 

and diazofluorene, In addition to these are the diazo- 

esters such as diazoacetic ester, diazopropionic ester, etc., the general 
method of preparation of which has been described on p. 282. 
Some diazo-ketones are also Imown, such as diazoacetophenone, 
Ph-CO-CHINs. 

AU these diazo-compounds have a number of reactions in common. 
On treatment with dry organic acids or with dry hydrogen bromide 
or hydrogen chloride in non-hydroxyhc solvents, nitrogen is evolved 
and the appropriate esters of the acids are formed (Curtius J. 
GJiem., 1888, [ii], 38, 413 ; v. Pechmann, Ber., 1895, 28, 857), 


OW.-CO-OB: 


NV-CH-COoEt; 


CHa-CO-OCHg-CO^Et + Ng 
^-^BrCHg-COgEt + Ng 


CHatNg 


CHa'OaC-Ph + 


Ph-CO-CHIN^ Ph-CO-CHa-OaC-H + Na 

In the same way the action of dilute aqueous solutions of mineral 
acids results in the replacement of the nitrogen by hydroxyl, with the 
formation of a hydroxy- compound. 

CHaINg + H2O CHg-OH + Ng 
NgUH-COgEt + HgO H0-CH2-C02Et + Ng 

A similar reaction occurs wdth phenols except that the cat^ilytic 
action of mineral acids is not required. 

Ph-OH + CHgINa 


Ph-OCHg + N 2 
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For the application of this reaction to the methylation of the phenols 
see p. 76. 

The reaction of the diazoparaffins with alcohols takes place only 
slowly. Indeed, it is possible to keep an alcoholic solution of diazo- 
methane for several days without the formation of any serious 
amount of ether. Diazoacetic ester, however, reacts with alcohols 
comparatively easily to give alkoxy-aeetic esters. 

A further reaction of diazomethane is the methylation of primary 
arylamines when the amine is added to an ethereal solution of the 
diazo-compound. 

Diazo-compounds react with iodine or bromine in ethereal solution 
to yield nitrogen and a dihalogen compound 

CH2»^2 “T Io ^ CHoIo -f- 

EtO^C-CHNg + i; — EtOaC-CHL, + 

The reaction of diazomethane with acyl chlorides is discussed on 
pp. 229, 230. The formation of diazo-ketones by this method appears 
to be a fairly general reaction, for benzoyl chloride reacts in the 
same way with diazoacetic ester to form benzoyldiazoacetic ester ; 
phosgene reacts to give the mono-ester of diazomalonyl chloride. 


2]Sr^:CH-C02Et + Ph-COCl--> Ph-C0-C{:N.:>)-C02Et + ClCHo-COoEt 
2N2-CH-C02Et -f COCI3 — ^ Cl-CO-CcrN^l-COgEt -f ClCH^-COaEt 


Acetyl and propionyl chlorides react similarly (Staudinger, J. 
Becker, and Hirzel, J5er., 1916, 49, 1978; compare Staudinger, 
Anthes, and Pfenniger, ibid., p. 1928). 

Eiazomethane and diazoacetic ester combine additively with 
esters of the olefin carboxylic acids to form pyrazoline carboxylic 
acids. Thus acrylic ester gives (I) with diazoacetic ester ; fumaric 
ester yields (II) (E. Buchner and co-workers, AnTialen, 1892, 273, 
214). 


CH^-C 


902Et 


EtO.:>C< -c 


902Et 


EtO^C-CH-CH EtO.,C-CH-C-Pho 


>N 

iH— NH Et02C-< d-NH Et02C-9 — ^NH EtOgC-' 

COgEt (I.) 


i 


CH-CH EtO,C- 
11 >N >OHCO,Et 

CH-NH EtO,C-i 1/ 

■<V.) 


(n.) CHg (in.) 

EtOoC-CHv EtO.C-CH. 
EtO,C-gif^ EtOgC 


>]srH 

=NH 

(IV.) 

Ph„ 


i 

CKv 

L> 


From diazomethane and citraconic ester (III) results (v. Pechmann 
and feurkard, Ber., 1900, 33, 3597), while diphenyldiazomethane and 
fumaric ester furnish (IV) (Staudinger, Anthes, and Pfenninger, 
Zoc. cit.). 



358 


REACTIONS OF ORGANIC COMPOUNDS 


Although, ethylene, tolane, and stilbene do not combine with 
diazomethane, acetylene reacts to give pyrazole (V) (v. Pechmann, 
Rer., 1898, 31, 2950). 

The pyrazoline esters formed by this reaction eliminate nitrogen 
on heating with the formation of derivatives of c^/c^opropane 
(Buchner, loc. cit., p. 229). The reaction can be effected without 
isolating the intermediate pyrazoline, by heating the mixture 
of diazo-compound and unsaturated ester after the addition is com- 
plete. In this way diazofluorene and fumaric ester yield (VI) ; diazo- 
fluorene and cinnamic ester furnish (VII), while diphenyldiazo- 
methane and cinnamic ester yield (VIII) (Staudinger and Gaule, 
JBer., 1916, 49, 1956 ; Staudinger, Anthes, and Pfenninger, loc, cit.). 


CgH^^^CH-COgEt 

C^H^'^^CH-COaEt 

(VI.) 


96H- Ph 

C6H.^^CH-C02Et ^ ^CH-COaEt 
(VII.) (vm.) 


The reduction of diazo-compounds under various conditions has 
been studied. The original papers should be consulted for details 
(Curtius and Jay, J. pr. Chem., 1889, [ii], 39, 31 ; Ber., 1899, 27, 
775 ; Staudinger, Gaule, andSiegwart, Helv. chim. Acta, 1921, 4, 212). 

For some special reactions of dlazoacetio ester, particularly its 
reaction towards alkalis, see papers by Curtius {J, pr. Chem., 1888, 
[ii], 38, 409) and Curtius, Daraspsky, and E. Muller (Ber., 1908, 
41, 3161). 

(2) Azo-Compounds. 

Pure aromatic azo-compounds of the general formula R*NIN*R 
(where R = any aryl grouping) are coloured solids or liquids, and 
indifferent to (hdute aqueous acids or alkalis. With concentrated 
mineral acids they form salt-like additive compounds which are 
decomposed on dilution. A number of such compounds has been 
obtained, such as azobenzene hydrofluoride, Ph*N*.N-Ph,HF 
(Weinland and Reischle, Ber., 1908, 41, 3673), and azobenzene di- 
hydrochloride, Ph-N!N’Ph,2HCl (Korczyhski, Ber., 1908, 41, 4379 ; 
Baker, J., 1907, 91, 1500 ; compare also Fox and Hewutt, J., 1908, 
93, 333; Hewitt and Pope, Ber., 1897, 30, 1624; Tuck, J., 1907, 
91, 449). The intense colours wliich all azo-compounds develop in 
concentrated sulphuric acid is due also to salt formation (Hantzsch, 
Ber., 1909, 42, 2131), the acid presumably adding itself to the 
nitrogen of the azo-grouping. The shades of colour given by an 
azo-compound appear to depend on the nature of the aryl groups. 
Thus azobenzene and its hydroxy- and amino -derivatives yield 
deep golden colorations with concentrated sulphuric acid ; aa- 
azonaphthalene and its derivatives furnish blue colours, while 
benzene azo-P-naphthols and its derivatives give red shades. 
The formation of such salts has been employed for the fissiqn of 
suitable compounds. Thus the action of nitric acid (d, 1*48) on 
the methyl ether of benzene azo-p-naphthol (I) dissolved in ether 
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yields the nitrate, which decomposes into henzenediazonium nitrate 
and a-rdtro-P-naphthyl methyl ether (II) (Charrier and !Perreri, 
GazzeUa, 1913, 43, ii, 148). 


NIN-Ph N:N-Ph 



This provides a useful method of ascertaining the structure of azo- 
compounds where the normal method of reduction fails. The general 
method consists in adding the azo-compound to 10 — 20 times its 
weight of fuming nitric acid at room temperature. The azo- 
compound dissolves with change of colour, and after keeping for 10 
minutes the solution is poured on ice. The precipitated nitro-com- 
pound is collected and the aqueous solution examined for the diazon- 
ium salt. The usefulness of this method is, however, restricted to 
alkylated aminoazo-compounds and to azo -ethers (Meldola and 
Morgan, J,, 1889, 55, 608; Meldola and Hanes, ibid., 1894, 65, 
841; compare Meldola and Southerden, Proc,, 1894, 10, 118; 0. 
Schmidt, Ber., 1905, 38, 3201). It does not give satisfactory results 
with simple azo- compounds such as azobenzene or azotoluene, nor 
does it appear to be satisfactory for o-substituted azo-compounds 
with the exception of those derived from p-naphthoL 

1. Oxidation of Azo-Compounds : Formation of Azoxy -Compounds, 
— By the action of hydrogen peroxide or peracetic acid, azobenzene 
and some of its derivatives are oxidised smoothly to azoxy-com- 
pounds. 

JPreparatioYh of Azoxyhenzene. — ^An excess of 30% hydrogen peroxide is added 
to a solution of azobenzene in acetic acid. The precipitation of a portion of 
the azobenzene does not matter, as it redissolves slowly. After keeping for 
several days at room temperature, the red solution has become light yellow. 
It is then poured into water and the precipitated azoxyhenzene collected, 
washed with water, and recrystallised from methyl alcohol. The reaction 
can be hastened by heating on a water-bath at 80 — 90° (Vanino, Prdparative 
Chemie, Vol. II, p. 715 ; Angeli, Vber die Konstitution derAzoxy Veidnndungen). 

2. Fission of Azo-Compounds . — ^The action of nitric acid on some 
azo-compounds has already been referred to. A less general reaction 
arises in their decomposition by hydrogen chloride. Thus azo- 
benzene when boiled with hydrochloric acid yields a mixture of 
benzidine, aniline, and chloraniKne. Some of the substituted azo- 
henzenes behave similarly (compare Jacobson, Annalen, 1909, 367, 
304). Some aminoazo-compounds are also decomposed by heating 
withtuming hydrochloric acid (Wallach and KoUicker, Ber., 1884, 17, 
395) . It is noteworthy that azobenzene hydrochloride, when treated 
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with, aluminium chloride and benzene yields ^)-aminodiphenyl with 
about 10% of semidine and some aniline. 

2Ph-N:N-Ph + 2C6He — > 2 

If the benzene is replaced by toluene or diphenyl, (III) and (IV) 
are formed, respectively. o-Azotoluene and benzene under similar 
conditions furnish (V) (Pummerer and Binapfl, Ber,^ 1921, 54, 2768; 
Pummerer, Binapfl, Bittner, and Schuegraf, ibid., 1922, 55, 3095). 

ooo™» OO™' 

(III.) (IV.) (V.) CHg 

The most generally applicable method of fission is by reduction of 
azo- compounds either with stannous chloride and hydrochloric acid 
or with “ hydros.’’ 


Ph-N:N-Ph + 4H 2Ph*NHo 


Using stannous chloride and hydrochloric acid, azobenzene, its 
homologues and many of its alkoxy-, halogen, and amino-substituted 
derivatives yield not only the normal products of fission, but also 
benzidine or its substituted products. This reaction has been the 
subject of a number of detailed investigations by Jacobsen and his 
co-workers, the results of which are summarised in the following 
paper : Annalen, 1922, 428, 76. In addition to the normal products 
of fission, four different types of products have been obtained from 
azo-compounds of the benzene series. The principal reaction, 
except when there are substituents in both para positions, is the 
formation of a derivative of benzidine (VI) . 


0 - 0 '"'*^ 
" oo 




NH, 


NH, 


(VI.) 

(VII.) 


If one pam position is occupied, an oriAo-semidine is formed (VIII), 
while in rare cases a pam-semidine is formed (IX). 


NHa 

<^^N:N<^^OEt — > <^^nh/^ 


(VIII.) 


AcNH<(^^^n;n<(^^ — > AcNH<(^^nh<^^^^nh2 


(IX.) 
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These changes are due to the intermediate formation of a hydrazo- 
compound, which undergoes rearrangement under the influence of 
acid. At the same time a variable amount of amine is formed by the 
fission of the hydrazo-compound. Thus azobenzene yields benzidine 
as the principal product with some diphenyHn (VII) and aniline. 
Some azo- compounds such as 4 : 4'-diethoxyazobenzene or 2-amino- 
azobenzene or 2-hydroxy azobenzene undergo fission without the 
formation of any benzidine or semidine. 

Heduction with stannous chloride and hydrochloric acid is of 
considerable value for determining the structure of azo-dyestuffs. 
With the majority of these, the reaction consists simply in the 
splitting of the molecule across the azo-grouping and the formation 
of two primary amines. !For this purpose, a warm aqueous solution 
of the dyestuff is treated with stannous chloride in concentrated 
hydrochloric acid. Vfiien the solution is decolorised, the products 
are separated by whatever methods may be appropriate, such as 
steam distillation, filtration, extraction vdth ether, or the formation 
of quinoxalines (compare Witt, Ber., 1888, 21, 3471; 1886, 


Table XXII. 

Azo- and Azoxy-Gompounds, 



M. p. 


Azoxybenzene . . , . 

36® 

Pale yellow. 

2 : 2'-Azotoluene .... 

55 

Bed. 

o-Azoxytolnene .... 

60 

Yellowish. 

jj-Azoxytoluene .... 

75 


Azobenzene ..... 

68 

Orange-yellow. 

4-Plienylaminoazobenzene 

82 

Golden yellow. HGl added to ale. sol . — > 



Tiolet coloration. 

3 : S'-Dicbloroazoxybenzene . 

07 

Pale ochre yellow. 

3 : 3'-Dibromoazoxybenzene . 

111 


4-Dinietliylaminoazobenzene . 

116 

Yellow. 

2 : 4-Diaimnoazobenzeiie 

118 

Light yellow. Hydrochloride, dark grey 



crystals. 

4-Aininoazobenzene 

126 

Yellow. Hydrochloride, blue violet needles. 

o-Tolueneazo-jff-naplithol 

131 

Red. 

Benzeneazo-jS-naphthol . 

134 

Red. 

p-Tolneneazb-jS-naphthol 

134 

Red. 

4 : 4'-Azotoluene .... 

144 

Orange-yellow. 

4-Xitro-4'-phenylanimoazobenzene . 

151 

Brown. 

4 -Chloro- 4 '-hydrosya 2 obenzene 

151 


B enzeneazophenol 

152 

Orange. Sol. in alkalis. 

4 : 4'-Dicliloroazoxybenzene . 

155 


4 -jBromo- 4 '-hydroxya 2 obenzene 

155 


4-Chlorobenzeneazo-;3-napbthol 

162 

Red. 

4-Broniobenzeneazo-i3-naplitliol 

172 

Red. 

4 : 4'-Dibromoazoxybenzene . 

172 


4-Aimno-aa-azonaphtIialene . 

173 

Reddish-brown. 

iS-Xaphthaleneazo-i3-naphtlioI 

176 

Reddish-brown. 

4-!Methylaniinoazobenzene 

180 


4 : 4 '-I)ichloroazoben 2 eiie 

1 183 

YeUow. 

aa-Azonaptithalene 

190 

Sol. in H 3 SO 4 (cone.), blue. 

S-Mtrobenzeneazo-jS-naphtbol 

193 

Orange. 

4-!N'itro-4'-aminoazobenzene . 

204 


4 : 4'-Dibromoazobenzene 

204 

Yellow. 

2-Xitrobenzeneazo-i9-naplithoi 

209 

Light orange. 

3-Xitro-4'-ainmoazobenzene . 

212 

Orange. 

4-Xitro^'-dimetIiylaniinoazobenzene 

230 


a-Xapbthaleneazo-iS-naphthol 

229 

Reddish-brown. 

4 -Xitroben 2 eneazo-j 3 -nap]itbol 

249 

Orange-brown. 
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19, 1721). Other reducing agents for this purpose are zinc dust and 
aqueous ammonia, or zinc dust and aqueous sodium hydroxide or 
titanous chloride. 

A smooth process for the reductive fission of azo-compounds 
consists in the use of “ hydros (sodium hyposulphite, 

The azo-compound dissolved in water or alcohol is treated with 
hydros in neutral or alkaline solution, till the colour is discharged. 
The subsequent operation depends on the nature of the products. 

By mild reduction, preferably using zinc dust and aqueous alkah, 
simple azo-compounds are converted into hydrazo-compounds. 
Alkali and aluminium amalgam or sodium amalgam have also been 
used (Nolting and Fourneaux, Ber., 1897, 30, 2939). 
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HALOGBIT COMPOUNDS 

(1) General Characteristics. 

(2) Elimination of the Elements of Halogen Hydride. 

(3) . Redtietion. 

(a) Cat^3d:ic Methods. 

(b) Other Methods. 

(4) Replacement of Halogen. 

(a) By Hydrosy Groups. 

(b) By Amino Groups. 

(5) Reaction with Metals. 

(a) Formation of Organ ometallic Compounds. 

1. Organo-Magnesium Compounds. 

2. Organo-Zinc Compounds, 

3. Other OrganomeWlic Compounds. 

(b) Reaction of Halogen Compounds with Organo-Magnesium 

Halides. 

(c) Union of Radicles of Halogen Compounds under the InfLuence of 

Metals. 

(6) Reaction with Metal Salts. 

(а) Halides. 

(б) Cyanides. 

(c) Salts of Carboxylic Acids. 

(d) Nitrites. 

(e) Metal Derivatives of Malonic Esters, j5-Keto Esters, and j3-Di- 

ketones. 

(7) Special Reactions. 

(а) Additive Reactions of lodo-Compounds. 

(б) Isomerisation. 

This chapter is restricted to a consideration of those reactions of 
the halogen-substituted hydrocarbons, alcohols, acids, etc., which 
are due to the presence of the halogen. 

(1) General Characteristics. 

The halogen-substituted hydrocarbons are in general non-elec- 
trolytes,* and sparingly soluble in water. Halogen compounds 
containing other characteristic groupings, such as -COgH, -OH, 
>C0, exMbit not only the reactions due to these groupings, but 
also the general characteristics of the halogen in halogen-substituted 
hydrocarbons, such as the replacement of the halogen by groupings 
such as -OH, -OAlk, -OAr, -NO 2 , *-XH 2 , etc., and also the elim- 
ination of the elements of halogen hydride. Such reactions are, 
however, often modified by the presence of other groupings. 

* Solutions of the triphenylmethyl halides in liquid sulphur dioxide are 
conducting. On the other hand, solutions of alkyl halides in hquid sulphur 
dioxide are non-electrolytes (Walden, Z, 'phya. Chem., 1903, 43, 454; Schlenck, 
Weickel, and Herzenstein, AwnoZen, 1910, 372, 11). 
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The reactivity of the halogen appears to be dependent on a number 
of factors, among which are : (1) the nature of the halogen, (2) the 
nature of the adjacent groups, (3) the type of linkages joining the 
rest of the molecule to the carbon carrying the halogen. This latter 
is of considerable importance. The following table illustrates the 
effect of lengthening the chain of the alkyl halides. It gives com- 
parative values of the reactivity of the alkyl halides. These values 
are obtained from reaction with a variety of reagents and illustrate 
the effect of using different reagents. 



(1). 

(2). 

(3). 

(4). 

(5). 

(6). 

(7). 

(8). 

Methyl 

572 

42 

— 

1150 

1129 

935 

1500 

7785 

Ethyl 

100 

100 

100 

100 

100 

100 

100 

100 

n-Propyl 

39 

47 

135 

40 

14 

24 

31 

24 

-isopropyl . 

36 

103 

171 

23 

1 

8 

— 

— 

w-Butyl 

37 

31 

60 

28 

14 

— 

— 

— 

-isoButyl 

15 

7 

171 

37 

1 

4 

— 

— 

sec. -Butyl . 

— 

— 

305 

— 

— 

— 

— 

— 

isoAmyl 

19 

27 

— 

14 

— 

— 

— 

— 

sec. -Hexyl . 

33 

— 

— 

41 

— 

— 

— 

— 

ti-Heptyl 

34 

— 

— 

— 

14 

— 

— 

— 

n- Octyl 

33 

— 

— 

— 

14 

— 

— 

— 

sec. -Octyl , 

34 

— 

— 

31 

— 

— 

— 

— 

Cetyl . 

32 

— 

— — 



— j 

— 

— 


(1) NaOPh in alcoholic solution (Segaller, J., 1914, 105, 106). 

(2) AgNOa m alcohol (Burke and Donnan, J., 1904, 85, 565). 

(3) Formation of olefin by the action of alcoholic potash at 78° (Brussof, Z. 

phys, Phem., 1900, 34, 129). 

(4) ]SraOCH 2 Ph in alcoholic solution (Haywood, J., 1922, 121, 1904). 

(5) Reaction with triethylamine in acetone at 100° (Menschutkin and Was- 

siliefi, Z, phys. Chem.y 1890, 5, 589). 

(6) Reaction with sodioacetoacetic ester in alcohol (J. Wislicenus, Annaleriy 

1882, 212, 244). 

(7) Reaction with dimethylaniline (R. W. D. Preston and H. O. Jones, J., 

1912, 101, 1930). 

(8) Reaction with trh^oamylamine (R. W. D. Preston and H. O. Jones, 

loc, cit.). 

The effect of the nature of the carbon linkages is seen by comparing 
the alkyl halides with the aryl halides. The former are compara- 
tively reactive, while the latter are unacted on by aqueous or alco- 
holic alkalis or ammonia at 100°, and neither do they react with 
alcohoHc silver nitrate, or alkali cyanides at 100°. The mobility 
of the halogen is, however, greatly influenced^y the presence 
of substituents in the nucleus (see p. 54). Aliphatic halogen com- 
pounds containing the grouping >Cl6*Hal appear to be intermediate 
in reactivity between that of the alkyl halides and the aromatic 
halogen compounds. 

Comparatively slight changes in the structure may have a pro- 
found effect on the reactivity of the halogen. Thus trimethylene 
dibromide (I) reacts normaffy with aqueous sodium carbonate 
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to give a glycol ; with potassium cyanide to yield a dinitrile ; with 
silver or potassium acetate to give a diacetate. Its pp-dialkyl 
derivatives (II), (III), and (IV) are surprisingly stable to these 
reagents. Boiling aqueous sodium carbonate has no action on 
(III) after 33 hours, while 90% of (II) is recovered michanged after 
being heated with aqueous sodium carbonate in a sealed tube at 
150°. It is unchanged by boiling with aqueous alcohoHc potassium 
cyanide- In contrast (V) reacts fairly easily with aqueous sodium 
carbonate, 88% of the bromine being replaced after 7 hours ; 
after 11 hours. 

H^Br 9H2Br 9H2Br QH^r CH3r 

Hg Me*9-Me Et-9-Me Pr-O-Me Ph-C-Me 

HoBr CHoBr GH3r CHoBr CH^r 

(I.) (II.) (III.) (IV.) (Y.) 

(2) ElimiThaUan of the Elements of Halogen Hydride. 

When an aliphatic halogen compound contaming the grouping 
>CH’C1 enters into reaction with any reagent capable of combining 
with or reacting with halogen hydride, there is the possibility of the 
replacement of the halogen being accompanied by the formation 
of an unsaturated compound. It thus happens that, in attempting 
to replace the halogen, a greater or smaller amount of unsaturated 
compound may result, if the structure of the halogen compound 
is favourable. Under comparable experimental conditions, the 
tendency to formation of unsaturated compounds is greatest when 
the halogen is attached to a tertiary carbon atom, and least when it is 
attached to a primary one. This is illustrated by the behaviour 
of tert. -butyl iodide. By the action of silver iodide, silver cyanide, 
ammonia, or silver cyanate or the alkali metal derivatives of 
acetoacetic or malonic esters, the principal product is butylene, 
little or no substitution occurring. When the same reagents act 
on the isomeric n- or iso-butyl halides, however, the chief reaction 
is the replacement of the halogen. 

The extent to which the unsaturated compound is formed from 
substance behaving normally to substituting reagents depends also 
on the experimental conditions. It is generally possible to select 
such conditions that either substitution or olefin formation chiefly 
results. 

The conditions for the replacement of halogen by hydroxyl are 
discussed in a subsequent section (p. 369). The most favourable 
yields of hydroxy- compound are generally obtained by the hydrolys- 
ing action of feebly alkaline solutions. If the alkali concentration 
is increased, the yield of olefibn tends to increase at the expense of the 
hydroxy-compound. Concentrated alcoholic potash is generally 
more* effective than aqueous alkali for this purpose, and is often 
used for the preparation of olefins from alkyl halides and of unsatur- 
ated compounds in general. There is, however, the disadvantage 
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that ethers may he formed. Thus K-propyl bromide gives about 20% 
of the theoretical yield of propylene and 60% pf w-propyl ethyl 
ether. isoPropyl bromide under similar conditions yields about 
75% of propylene. ieri.-Butyl iodide or chloride, however, furnish 
butylene only (Nef, Annalen, 1899, 309, 126). In spite of its 
limitations, this method has freq[uently been used for the preparation 
of unsaturated compounds. 

Preparation oj UoButylene. — ^eri. -Butyl iodide (40 g.) is gradually added 
from a tap funnel to a solution of 20 g. of potassium hydroxide in 60 g. of 
90% alcohol to which have been added 10 g. of solid potassium hydroxide. 
The butylene which is evolved is passed through a washing system containing 
water and dilute alkali, and dried by passage through calcium chloride (com- 
pare Butleroff, Ber., 1870, 3, 422, 623). 

Preparation oJ p-Bromohutylene. — ^jSy-Dibromobutane (10 g.) is mixed with 
25 g. of 20% alcoholic potash. Heat is evolved and the reaction is completed 
by heating under reflux for | hour. The product is precipitated as a colourless 
oil by the addition of water to the reaction mixture. It is separated, dried 
over calcium chloride, and distilled, b. p. 88 — 92° (J . Wislicenus, Talbot, and 
Henze, Annalen, 1900, 313, 237). 

Preparation oJ Phenylacetylene, — a)-Bromostyrene (100 g.) is added at the 
rate of something less than 1 drop a second to 150 g. of potassium hydroxide 
contained in a 500-c,c. distillation flask fitted 'with a condenser and heated 
to 200° in an oil-bath. Phenylacetylene distils over. During the course of 
the reaction the temperature of the oil-bath is gradually raised to 215 — 220°, 
and is kept at this point till all the bromostyren© has been added. It is then 
maintained at 230° till nothing more distils over. The distillate consists of 
crude phenylacetylene and water. The upper layer is separated, dried over 
solid potash, and distilled, b. p. 142 — 144° — ^yield 37 g. (Hessler, Organic 
Syntheses, 1922, 2, 67). 

Tertiary amines such, as quinoline, dimethylaniline, trimethyl- 
amine, or pyridine have been employed for the production of 
olefins. Thus some tert.- and 5cc.-aryl alkyl chlorides yield olefins 
by heating with pyridine at 120 — 130° (Klages, Ber,, 1904, 37, 
1451). 

Preparation of ^^-^-GjoloIIexadiene , — 1 : 2-Dibromoc2/c?ohexane (42 g.) and 
freshly distilled quinoline (90 g.) are heated together in a long-necked distil- 
lation flask attached to a condenser, a thermometer being placed in the liquid. 
The reaction sets in at 160° and becomes marked at 178°. A\Taen it has 
ceased, the temperature of the liquid is kept at 185 — 190° for 10 minutes. 
The thermometer is then raised from the liquid and the mixture heated till 
all the liquid boiling below 100° has passed over. 

A second portion of 42 g. of the dibromide is treated in exactly the same 
way- The combined distillates (22 g.) are distilled again from quinoline. 
The resulting distillate is washed with dilute sulphuric acid, dried with calcium 
chloride, and then fractionated several times over sodium. cycZoHexadiene 
distils over at 81*5 — 82° (Crossley, J., 1904, 85, 1416). 

The position of tbe double bonds in unsaturated compounds 
produced by the action of quinoline on c^/cZohexylmethyl halides is 
uncertain, for quinoline salts appear to be able to cause migration of 
the double lining (Faworski and Borgmann, Ber., 1907, 40, 4870). 

For other examples of the use of quinoline in the prepaj'ation 
of unsaturated compounds see papers by Baeyer {Annalen, 1894, 
278, .94, 107) and Markovnikoff {ibid., 1898, 302, 27). 
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(3) Reduction of Halogen Compounds, 

A survey of the different methods used for the replacement of 
halogen by hydrogen shows that they can be divided into two broad 
groups : (1) those employing molecular hydrogen in conjunction 
with a catalyst ; (2) those using metals usually in presence of acetic 
acid, alcohol, or water. 

(a) Catalytic Methods . — In the majority of the published descrip- 
tions of this type of reduction, the essential operations consist in 
diluting the halogen compound with alcohol or water, and then, 
after adding the appropriate catalyst, pumping in hydrogen until 
the req[uired amount has been taken up. The reduction is effected 
very conveniently in a hydrogenation flask, and the techniq[ue is 
similar to that used in the hydrogenation of unsaturated compounds. 
An alkali or an inorganic carbonate is usually introduced into 
the mixture to combine with the halogen hydride liberated during 
the reduction. Platinum or palladium have been largely used as 
catalysts, although nickel has also been successfully employed. 
Busch and Stove {Ber., 1916, 49, 1063), employing palladium de- 
posited on calcium carbonate, have used the method for the quant- 
itative determination of halogen in a variety of compounds such as 
iodobenzene, bromobenzoie acid, and aliphatic halogen compounds. 
Busch and Stove’s technique has also been used for preparative 
purposes. Bosenmund and Zetsche (J5er., 1918, 51, 578) use plati- 
num or palladium deposited on barium sulphate or some other in- 
different support in presence of alkali for the dehalogenation of 
such compounds as chbromosuccinic acid and bromobenzoie acid. 
With this method, crotonic acid is formed from chlorocrotonic 
acid, although phenylpropionic acid is obtained from o-chlorocinna- 
mic acid. Kelber (Ber., 1917, 50, 305 ; compare ibid., 1921, 54, 
2255) finds that many aliphatic and aromatic halogen compounds 
are quantitatively reduced in aqueous alcohol containing some alkali 
by hydrogen in presence of finely-divided nickel. This method is 
recommended for the estimation of halogen. The reduction may 
sometimes take an abnormal course. Thus benzotrichloride 
(Ph-CClg) is converted into tetrachloro-aP-diphenylethane (VI) by 
hydrogenation in presence of colloidal palladium; while benzal 
chloride yields some toluene and ap-dichloro-aJ3-diphenylethane (VII) 
under similar conditions (Borsche and Heimburger, Ber., 1915, 48, 
452). 

(VI.) Ph-CCl2-CCl2*Ph Ph-CHChCHCl-Ph (VII.) 

(b) Other Methods . — ^A convenient process for the reduction 
of the lower alkyl iodides to the corresponding paraffins consists 
in allowing the alkyl iodide containing some alcohol to react with 
a zinc-copper couple (Gladstone and Tribe, J., 1873, 26, 445, 
678, 961). This method is frequently employed for the laboratory 
preparation of methane and ethane. The gases so prepared usually 
contain a small quantity of hydrogen (compare Campbell and Parker, 
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J., 1915, 103, 1292). For the reduction of some of the highe 
alkyl halides, zinc dust and hydrochloric acid have been used sucess 
fully (L. Clarke, J. Amer, Chem, Soc,, 1909, 31, 113; 1908, 30 
1147). Other methods for the reduction of saturated monohalogei 
compounds include zinc dust and alcohol ; palladised zinc anc 
hydrochloric acid (Zelinsky, JBer,, 1901, 34, 2801 ; 1898, 31, 3203) 
amalgamated aluminium (H. Wislicenus, J. pr, Chem., 1896, [ii] 
54, 52). 

The smooth formation of hydrocarbons from halogen-substitutec 
hydrocarbons can be achieved through the intermediate formatioi 
of the Grignard reagent (see p. 374), which on treatment with wate: 
or dilute acid yields the hydrocarbon according to the following 
equation : 

R-Mgl + H^O — > RH + HO-Mgl 

When two halogens are attached to adjacent carbon atoms, th< 
usual action of zinc and acetic acid or alcohol or of sodium o: 
magnesium is to eliminate the halogens with the formation of ai 
unsaturated compound. 

>CBr-CBr<. > > ^ 

This is a valuable method for the preparation of pure unsaturated 
compoimds, inasmuch as they can be isolated or purified through 
their dibromides or dichlorides, and subseq^uently reconverted into 
the original unsaturated compound. Thus propylene dibromide 
heated in a water-bath with zinc and water readily yields propylene 
(Lirmemann, Rer., 1877, 10, 1113). A similar effect is produced 
by treating alkylene dilDromides with zinc filings in moist ether. 
This method can also be applied to some dibromo-ahphatic acids 
(Michael, Ber., 1901, 34, 4217 et seq . ; Michael and Schulthess, 
J. pr. Ghem., 1891, [ii], 43, 589). The use of zinc and alcohol for 
the reduction of dibromo- compounds to unsaturated compounds 
is illustrated by the following descriptions. 

Preparation of Butadiene, — ^The apparatus used for this preparation consists 
of a round -bottomed flask attached to a Soxhlet which carries an efficient 
reflux condenser. A mixture of 200 g. of zinc dust and 250 c.c. of absolute 
alcohol is placed in the flask and 100 g. of butadiene tetrabromide in the thimble 
of the Soxhlet. The tetrabromide is extracted by the alcohol as it refluxes 
from the condenser and then reduced by the zinc dust in the flask. The butadi- 
ene which is liberated is led through a spiral coudenser cooled by an efficient 
freezing mixture and then collected in a bottle’ or tube similarly cooled. 
Alternatively, the vapour may he condensed in a suitable solvent. The yield 
is about 80-— 90%, b. p. — 5° to — 4° (Thiele, Annalen, 1899, 308, 339). 

Preparation of 1 : i-DihydronaphtJialene. — 12*6 G. of 2 : 3-dibromo-l : 4- 
dihydronaphthalene are added all at once to 21 g. of zinc filings covered by 
100 c.e. of absolute alcohol at 30°. Heaction soon commences and the temper- 
ature rises to about 65°, The mixture is maintained at 50 — 65° till a test 
portion shows that the dibromide has disappeared. The solution is then de- 
canted from the metal, diluted with water, and the oil which is thus precipitated 
taken up in ether. After washing with brine solution to remove the alcohol, 
the ethereal solution is dried and evaporated. The residue consists* of pure 
1 : 4-dihydronaphl>halene, m. p. 24 — ^25°— yield 5*4 g. (Strauss, Ber,, 1913, 
46 . 1054h ^ 
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Zinc and alcohol have also been apphed to the debromination 
of ap-dibromosnccinic ester (Michael and Schulthess, Zoc. cit,) 
and to the preparation of acetylenes from bromoethylenes of the 
general formula Alk.CBrlCHBr (Lespieau, Bull. Soc. chim., 1921, 
[iv], 29, 532). For the use of zinc and acetic acid and for abnormal 
course of the reaction the following papers should be consulted : 
Brand, Ber,, 1921, 54, 1987 ; Brand and Kercher, ibid., p. 2007. 
Sodium and moist ether have been employed for the preparation 
of acetylenes from the corresponding dichlorides (KunckeU and 
Gotseh, Ber., 1900, 33, 2656; KunkeU and Koritsky, ibid., p. 3261). 

According to v. Braun and Edrschbaum {Ber., 1921, 54, 604) 
the use of zinc filings and alcohol may cause polymerisation of 
the resulting olefin. They recommend the action of magnesium 
on an ethereal solution of the dibromide as a more satisfactory 
alternative. Examples of this application are given by v. Braun 
and Moldanke {Ber.. 1921, 54, 618) and by v. Braun andLemke {ibid., 
1923, 56, 1563). 

A very elegant method due to Finkelstein {Ber., 1910, 43, 1530) 
is based on the fact that though the dichlorides and dibromides 
derived from the olefins are generally stable, many of the correspond- 
ing di-iodides eliminate iodine with the formation of the olefin. 
Consequently, by treating such dibromides and dichlorides with 
sodium iodide in acetone solution, the olefin results (see p. 381). 
Thus ethylene is obtained from ethylene dibromlde; cinnamic 
acid dibromide furnishes cinnamic acid ; dibromosuccinic acid gives 
fumaric acid ; aj3-dibromopropionic acid yields acryhc acid (Finkel- 
stein, loc. cit.; Biilmann, Rec. trav. chim., 1917, 36, 313; 1917, 37, 
245). 

(4) (a) Replacement of Halogen by Hydroxy -Groups . — Hydrotysis 
of n- and -alkyl halides can be achieved by heating with an 
excess of water in sealed tubes at 100° higher. 

B-CHa-Hal + H^O — >• + HHal 

tert.- Alkyl halides are more easily hydrolysed. They readily 3 deld 
the corresponding alcohol with smaller or greater amounts of olefin 
by heating with water under reflux for a short time. So easily 
are the bromides and iodides attacked that they may be estimated 
fairly accurately in mixtures with sec.- and 7i-alkyl hahdes by this 
means. Titration of the liberated halogen hydride furnishes a 
direct measure of the tert. -alkyl halide (JVIichael and Leupold, 
Annalen, 1911, 379, 287). Triarylmethyl halides are also smoothly 
converted into the corresponding alcohols by the action of warm 
water. 

For the preparation of alcohols from n- and ^ec.-hahdes, it is more 
convenient to use aqueous alkaline solutions, such as dilute solutions 
of alkali hydroxides, lime water, baryta water, or alkaH carbonates. 
Where there is a marked tendency to form an olefin, an aqueous sus- 
pension of lead oxide or silver oxide has been used. * It is sometimes 
BB 



370 


REACTIONS OE ORGANIC COMPOUNDS 


advisable (in order to avoid olefin formation) to convert the halide 
into the acetate of the corresponding alcohol by reaction with silver 
acetate or potassium acetate and subsequently to hydrolyse the 
ester. This procedure is frequently adopted for the preparation 
of glycols from dibromides. 

The replacement of halogen in the aromatic nucleus by hydroxyl 
takes place only with considerable difficulty, unless there are nitro- 
groups also present in the nucleus (see p. 54). Thus chloro- 
benzene is unchanged by heating with an excess of aqueous alkali 
at 200"^. At 300° an aknost quantitative yield of sodium phenate 
results by the action of an excess of 15 — ^20% aqueous alkah 
(K. H. Meyer and Bergius, Ber., 1914, 47, 3155). According to 
Rosenmund and Harms {ibid., 1920, 53, 2226) phenols may be ob- 
tained by heating the appropriate aryl halide with crystalline 
sodium acetate and copper bronze at about 220 — ^250° in sealed 
tubes. 

Preparation of Ethylene Glycol. — mixture of 94 g. of ethylene dibromide 
and a solution of 69 g. of potassium carbonate in 500 c.c. of water is heated 
under reflux till the oily dibromide has disappeared (1 — 2 days). The water 
is evaporated under reduced pressure at 50° and the dry residue extracted 
twice with absolute alcohol. The filtered alcoholic extracts are evaporated 
under reduced pressure and the residue fractionated at atmospheric pressure. 
The distillate up to 110° is rejected. Between 170° and 200° crude glycol 
is collected. The intermediate fractions are refractionated to furnish a further 
quantity of crude glycol. Distillation of the crude product yields the pure 
glycol, b. p. 195 — 197° — yield about 10 g. 

Preparation of o-Nitrohenzyl Alcohol. — mixture of 10 g. of o-nitrobenzyl 
chloride, 150 c.c. of water, and 8 g. of potassium carbonate is boiled under 
reflux for 4 hours. o-Nitrobenzyl alcohol is obtained as a mass of needle -like 
crystals on cooling. It is collected by filtration, dried on porous earthenware, 
and crystallised from benzene, m. p. 74° — ^yield about 5 g. (Soderbaum and 
Widman, Ber., 1892, 25, 3290), 

Preparation of Triphenyl Carbinol. — ^Triphenyl methyl chloride is boiled 
with an excess of water for 10 minutes. The carbinol is then collected by 
filtration and crystallised from hot ethyl alcohol, m. p. 162°. 

Preparation of Gly collie Acid. — A solution of 200 g. of chloracetic acid 
in 1400 c.c. of water is heated on a water-bath with an excess of barium 
carbonate (about 400 g.) till there is no further solution of the carbonate. 
The volume of the solution should be kept approximately constant by adding 
water at intervals. When the hydrolysis is complete, the unchanged carbonate 
is filtered ofl and the filtrate treated with the exact amount of dilute sulphuric 
acid needed to precipitate all the barium. After collecting the barimn 
sulphate by filtration, the filtrate is concentrated to a syrup on the water- 
bath. Crystallisation is initiated in the cooled syrup by adding a crystal of 
glycollic acid. The crystalline mass is subsequently drained and then exposed 
to the air till free from hydrochloric acid. It is finally purified by crystallis- 
ation from a small quantity of water, m. p. 78° (Witzemann, J. Amer. Chem. 
Bog., 1917, 39, 110). 

Preparation of a~Hydroxypahnitic Acid. — Crude a-bromopalmitic acid (105 
g.) is added to a solution of 75 g. of potassium hydroxide in 900 c.c. of water 
and the solution then maintained at its boiling point for 10 hours by passinj" 
superheated steam into it. Crude a-hydroxypalmitic is precipitated from 
this solution hy adding an excess of dilute sulphuric acid. The acid is taken 
up in ether, and after washing the ethereal solution with wa^^ and ^drying 
it over calcium chloride, the solvent is evaporated. Crystaffisation of the 
residue from chloroform furnishes pure a-hydroxypalmitic acid, m. p. 87° — 
yield 67 g. (Le Sueur, J., 1905, 87, 1895). 
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a-Hydroxypentadeeylic and a-hydroxym3?Tistic acids are similarly pre- 
pared, 

(b) Replacement of Halogen by Amino-Groups. — ^As tlie reaction 
of alkyl halides with amines is considered in Chapter VII, the sub- 
ject matter of the present section is restricted to the behaviour 
of ammonia with alkyl halides, except where it is considered necess- 
ary to compare the behaviour of ammonia with amines. Reaction 
of the alkyl halides with ammonia furnishes a method for the pre- 
paration of alkylamines. The replacement is represented by equa- 
tion 1 . It is obvious that the halogen hydride formed in the reaction 
will be distributed between the ammonia and the primary amine. 
Accordingly, reaction will also proceed between the alkyl hahde 
and the free alkjdamine now present in the mixture giving a dialkyl- 
amine (equation 2). This will in turn also yield successively a 
tertiary amine and a quaternary ammonium salt. The product 
of the action of ammonia on an alkyl hahde may therefore consist 
of a mixture of primary, secondary, tertiary amines and a quaternary 
ammonium salt. 


ri + nh. 

RNHa + HI 

(1) 

RI + B-NHj 

R-NH + HI 

(2) 

RI + Rg'NH 

R-N + HI . 

(3) 

RI + RgN 

R4NI . . . 

(4) 


The relative proportions of each of these products are dependent 
not only on the relative amount of the original reactants and on the 
relative strengths of the amines produced, but also on the rate with 
which each reacts with alkyl iodide. 

In general, the reaction between ammonia and an alkyl hahde 
is effected by heating the reactants in alcohohc solution at 100° 
in sealed tubes, or in an autoclave, or by keeping the mixture of 
ammonia and alkyl hahde at room temperature. 

The apphcation of this method is restricted by the tendency of 
sec.- and tert.-sikfl hahdes to spht out the elements of halogen 
hydride. Thus -propyl iodide yields a mixture of 5ec. -propyl- 
amines and propylene by reaction with ammonia at 100°. sec.- 
Hexyl and 5ec.-octyl iodides behave similarly (Jahn, Ber., 1882, 
15, 1288). cycZoHexyl hahdes are converted into cycZohexene by 
treatment with ammonia. There appears to be no record of cyclo- 
hexylamine having been prepared in this way. Even primary 
arylamines, which are generally less efficient in causing the formation 
of olefibus from halogen compounds, yield a notable proportion of 
cyck>hexene from cycJ^ohexyl bromide together with the corre- 
sponding cycldheixyl arylamine (Hickinbottom, J., 1932, 2650). 
Olefins are also formed when tert.-sXkyl hahdes react with ammonia 
(Hef, Annalen, 1899, 309, 164; A. W. Hofmann, Ber,, 1874, 7, 
513). ^ Witl^amhne a small yield of icr^.-alkylaniline is obtained, 
but even herlrolefin is the principal product (Hef, loc. cit. ; Hickin- 
bottom, J., 1933, 946). 

The tendency for ^ec.- and ^er^.-hahdes to yield olefins rather than 
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to suffer replacement is seen also with the dihalogen paraffins. 
Thus while ethylene dihromide or dichloride, and trimethylene and 
propylene dibromides react normally with alcoholic ammonia with 
the formation of the corresponding diamines, py-dibromobutane 
furnishes P-bromo-A^-butene as the principal product of the action 
of ammonia at 110°, only a small proportion of Py-diaminobutane 
being formed (Morgan and Hickinbottom, J.S.C.I., 1924, 43, 
310t), Replacement of both halogens of py-dibromobutane pro- 
ceeds normally by reaction with arylamines (Morgan and Hickin- 
bottom, J., 1923, 123, 97), 


Frepamtion of Ethylenediamine. — ^Ethylene dichloride (42 g.) and 510 c.c. 
of concentrated aqueous ammonia (33%) are heated in an autoclave at 115 — 
120° for 5 hours. The product is then evaporated till crystallisation com- 
mences, when three times its bulk of alcohol is added. The crystals which 
separate are collected and washed with alcohol. A further quantity of crystal- 
line material is obtained by evaporating the mother-liquor. The yield of 
ethylenediamine hydrochloride thus obtained is about 50 g. 

Ethylenediamine is obtained from it by mixing it into a paste with finely- 
powdered sodium hydroxide and then distilling. The hydrate, b. p. 118°, 
distils over (Kraut, Annalen, 1882, 212, 253). 

Fargher (J"., 1920, 117 , 1351) has investigated the by-products of this 
reaction, and has shown that they consist of diethylene triamine and triethylene- 
tetramine (compare Hofmann, Proc, Roy. Soc., 1860, 10 , 619; Per,, 1890, 
23, 3712). 

Polymethylene dibromides, with the halogens in 1:4 and 1 : 5 
positions, show a marked tendency towards the formation of cyclic 
compounds by reaction with ammonia and amines. Thus 1 : 5- 
dibromopentane reacts with arylamines to form aryl- substituted 
piperidines (VIII) ; 1 : 4-dibromopentane similarly yields methyl- 
pyrrolidines (IX). The presence of substituents in the aryl amine, 
ortho to the amino-group, hinders this reaction, and the products 
are then 1 : 4- and 1 : 5-diamines (v. Braun, Ber., 1908, 41 , 2158; 
Scholtz and Friemehlt, ibid., 1899, 32, 848 ; v. Braun, ibid., 1904, 
37 , 3210). The effect of the type of amine is best illustrated by 
the behaviour of o-xylylene dibromide (X). With ammonia, reaction 


9 H-CH 2 

>N-Ar 


(vm.) 


CH 2 — CH-Me 


ing— c§2 

(IX.) 


■N'Ar 


r^CHgBr 

l^CHaBr 

(X.) 



(xm.) 


(XII.) 


iCHg-NRgBr 

'CHg'NRgBr 

rxiv.) 


occurs giving the dicyclic ammomum salt (XI). Primary aromatic 
amines yield compounds of the type (XII), but aromatic amines 
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substituted in the ortho position form diamines. A quaternary 
ammonium salt of the type (XIII) is the principal product from 
secondary amines. Tertiary aliphatic amines furnish diquaternary 
ammonium salts (XIV), but tertiary aromatic amines do not usually 
react. 

Of the halogen-substituted fatty acids only the a-siibstituted 
products easily suffer normal replacement by the action of ammonia 
and amines. 

Preparation of a~Aminocaproic Acid, — 150 G. of a-bromoeaproie acid are 
slowly added to 850 c.c. of aqueous ammonia (d, 0-9) contained in a stout 
round-bottomed flask. The flask is stoppered and kept for 20 — 30 hours at 
50 — 55°. During this period the greater part of the amino -acid has crystallised 
out . It is collected by filtration and washed with methyl alcohol . The a queous 
filtrate is evaporated almost to dryness and then treated with 200 c.c. of 
methyl alcohol. A further crop of a-aminocaproic acid is thus obtained. It is 
purified by washing with methyl alcohol to remove ammonium bromide and 
crystallised from water — ^yield 63 — 68 g. (Marvel and Vigneaud, Organic 
Syntheses, 1925, 4, 3). 

Preparation of Glycine. — solution of 189 g. of chloracetic acid in 8 litres 
of aqueous ammonia (d, 0*90) is kept at room temperature for 48 hours. 
The excess of ammonia is distilled ofi and the solution concentrated under 
reduced pressure till the precipitation of ammonium chloride commences. 
The salt is redissolved by the addition of a small amount of water and then 
filtered to remove suspended matter. The filtrate, which should have a volume 
of about 500 c.c., is mixed with 800 c.c. of methyl alcohol and 140 c.c. of 
pyridine. Crystallisation of glycine commences almost immediately. It is kept 
overnight and then filtered (yield 96 g.). It is purified by solution in 300 c.c. 
of warm water, decolorised with charcoal, and after filtration 800 c.c. of methyl 
alcohol are added. Yield of pure glycine, m. p. 225 — 230°, is 80 g. (Boutwell 
and Kuick, J. Amer, Cheni. Soc., 1930, 62, 4166; compare G. !R. Robertson, 
ibid,, 1927, 49, 2892). 


(5) Reaction of Halogen Compounds with Metals. 

(a) Formation of Organometallic Compounds. (1) Organomagnesium 
Compounds. — ^Alkyl and aryl halides — ^in particular bromo- and 
iodo-compounds — ^react with magnesium in presence of ether to 
form compounds of the type R-Mg-Hal which are soluble in ether. 
For the purposes of further reactions ethereal solutions of the organo- 
magnesium halides are used (Grignard, Compt. rend., 1900, 130, 
1322; Ann. Chim. Phys., 1901, 24, [vii], 433). 

Evaporation of the solvent from ethereal solutions of Grignard 
reagents leaves a residue of alkylmagnesium halide associated with 
1 or 2 molecular proportions of ether. A number of different 
formulae have been proposed to account for this combination 
between ether and the organomagnesium halide (Baeyer and Villiger, 
Her., 1902, 35, 1202; Tschelinzeff, ibid., 1906, 39, 773, 1674, 1682, 
1686; Hess and Rheinboldt, ibid., 1921, 54, 2043; Jolibois, Compt. 
rend., 1912, 155, 353). Meisenheimer and Caspar {Ber., 1921, 54, 
1655) have suggested that they are co-ordination compounds of the 

The preparation of Grignard compounds is illustrated by the follow- 
ing general description. 
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A weighed amount of clean dry magnesium turnings (1 mol. proportion) is 
introduced into the reaction flask, which has been previously dried at 110°. 
The flask is fitted with an efficient reflux condenser and a dropping funnel, 
the upper ends of both being fitted with guard tubes containing anhydrous 
magnesium perchlorate. A small volume of ether and a crystal of iodine are 
added to the magnesium, and then a small volume of the alkyl halide. If the 
reaction does not start at room temperature the contents of the flask are warmed 
to 45°. As soon as the initial reaction shows signs of subsiding, the alkyl 
halide (1 mol. proportion) diluted with 1 — 3 volumes of ether is added regularly 
and slowly from the tap funnel. When no further action appears to take 
place, the mixture is refluxed gently till no more magnesium dissolves. 

The magnesium used for this reaction must be perfectly clean and free 
from oil. It is now possible to obtain magnesium turnings which conform 
to these requirements from the usual dealers in laboratory chemicals. If 
there is any doubt about the cleanliness of the metal, it should be washed 
two or three times with ether and dried under reduced pressure at 78°. 

The ether used must be free from alcohol. Ordinary commercial ether 
must he purified by washing several times with brine, and then stored for 
several days over calcium chloride before distilling it. It is finally dried by 
keeping in contact with sodium wire for several days and then distilled over 
a small amount of bright sodium. Immediately before use it is distilled over 
a small amount of phosphorus pentoxide. It is more convenient, however, 
to use purified commercial ether (d, 0-720) and to distil it over phosphorus 
pentoxide as required. 

In preparing the Grignard reagent, it is preferable to use a flask fitted 
with a mercury sealed stirrer, otherwise the flask must be shaken at frequent 
intervals during the reaction (Gilman, Zoellner, and Dickey, J. Amer. Chem, 
Soc.f 1929, 51, 1579 ; compare Wren, Organometallic Compounds of Zinc and 
Magnesium, p. 2). 

The formation of organomagnesium halides is a general reaction 
of the alkyl halides and of the monohalogen-substituted aromatic 
hydrocarbons such as bromobenzene, bromotoluenes, and bromo- 
naphthalenes. Even under the most favourable conditions, with 
a rigid exclusion of all traces of moisture, the yield of the Grignard 
compound may fall short of the theoretical. Thus -butyl- 
bromide gives only about 20 — 30% of the theoretical yield of tert.- 
butyl magnesium bromide, a considerable proportion of the alkyl 
bromide being evolved as butylene (Grignard, Bull. Soo. cMm., 
1913, [iv], 13^, XI). sec.-Alkyl halides generally furnish better 
yields ; but the best yields are obtained from primary alkyl halides. 
The following table records the average percentage yields of Grignard 
compound from different bromo-compounds under strictly com- 
parable conditions (Gilman, Zoellner, and Dickey, loc. cit. ; compare 
Gihnan and McCracken, J. Amer. CTiem. Soc., 1923, 45, 2462; 
R. Meyer and Togel, Annalen, 1906, 347, 55). 


Ethyl 



. 93 

w--Propyl 



. 92 

isoPropyl . 



. 84 

n-Butyl 



. 94 

i^oButyl 



. 87 

sec.-Butyl . 



. 78 

ieri.-Butyl . 



. 25 

n-Amyl 



. 89 

isoAmyl 



. 88 

sec.-Amjl . 



. 67 


^er^.-Amyl . 

. 24 

n-Hexyl 

. 92 

n-Heptyl . 

. 89 

n- Octyl 

. 88 

Bromobenzene 

. 95 

o-Bromotoluene . 

. 93 

m-Bromotoluene . 

. 88 

p-Bromotoluene . 

87 

a-Bromonaphthalene . 

. 95 

jS-Bromonaphthalene . 

. 84 
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A further source of loss is due to the reaction of the unchanged 
halide with the organo-metallic compound already formed. 

R'Hal + R*Mg*Hal — > MgHalg + Il*Il 

This occurs to only a comparatively small extent with the majority 
of alkyl halides, -^yl iodides, however, give an appreciable quan- 
tity of diphenyl or its homologues, and the reaction occurs also to 
some extent with allyl bromide or iodide or with cinnamyl halides. 
These halides exhibit other abnormalities in their reaction with 
magnesium (compare Houben, Ber.^ 1903, 36, 2898). 

IJnsaturated halides of the type R-CHICHBr can react with 
magnesium in ether, but the formation of the corresponding organo- 
magnesium compound is accompanied by the production of un- 
saturated hydrocarbons owing to the elimination of hydrogen brom- 
ide. It is, however, possible to bring them into reaction with 
moderately good results for the purposes of syntheses by allowing 
magnesium to react with the unsaturated bromide in presence of a 
carbonyl compound (Krestinsky, Ber., 1922, 55, 2754, 2762, 2770; 
compare H. Davies and Kipping, J., 1911, 99, 296). 

The preparation of Grignard reagents from dihalogen paraffins 
generally is not practicable. Those dibalogen paraffins with the 
halogens attached to adjacent carbon atoms yield olefins (see p. 369). 
Trimethylene bromide furnishes propylene (Zelinsky and Gutt, -Ber., 
1907, 40 , 3049). The behaviour of the higher members of the 
series BrCH2(CH2)n’CH2®^> '^here tz. = 2, 3, 5, or 8, has been 
examined by v. Braun and Sobecki (Bcr., 1911, 44 , 1918). They 
find that about half of the dibromide is converted into the normal 
organomagnesium halide, 

BrMg-CH2(CH2),-CH2MgBr, 

the remainder being converted into a mixture of magnesium com- 
pounds represented by the general formula 

BrMg*CH2*(CH2),-CH2-MgBr, 

(2) Organo-Zinc Compounds , — ^Reaction of alkyl iodides with zinc 
filings or with a zinc couple leads to the formation of alkyl zinc 
iodides, which are converted into zinc dialkyls on heating (E. 
Erankland, J., 1850, 2, 263 ; Annalen, 1849, 71, 171 ; 1853, 85, 346 ; 
1855, 95, 28 ; Ratke, ibid., 1869, 152, 220) 

2CH3I + 2Zn — ^ 2ZnCH3l — >• Zn{CH3)2 + Znlg 

The preparation of zinc dialkyls by this method is now of little 
importance, since it has been largely superseded by the use of the 
.Grignard reagents. The zinc alkyl halides, however, have an im- 
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portant application in the preparation of ketones from acyl chlorides 
(see p. 230). The following general method of preparing alkyl 
zinc iodides is given by Blaise {Bull. Soc. cMm., 1911, [iv], 9, 1). 

Preparation of Zinc Alhyl Halides from Primary Alkyl Iodides. — One 
molecular proportion of the pure alkyl iodide diluted with about J * mol. 
proportion, of pure dry ethyl acetate and an equal volume of toluene is mixed 
with twice the theoretical amount of zinc copper couple, and then heated 
at 100°. If the reagents are pure and dry, reaction soon starts — the addition 
of a little iodine usually initiates a sluggish reaction. The reaction proceeds 
regularly, and the mixture should b© shaken from time to time. As the 
reaction slackens, the temperature is gradually raised to 110° and maintained 
at this till there is no further refluxing. The reaction is then complete. 
The mixture is diluted with a volume of toluene equal to that added initially. 
After cooling, the solution is decanted into a dry flask and the remaining 
zinc-copper couple washed with a little toluene. The solution thus prepared 
is then used for syntheses. 

Secondary alkyl iodides react best with the zinc couple if the toluene is 
replaced by light petroleum (b. p. 85 — 90°). When the formation of the sec.- 
alkyl iodide is complete, an amount of benzene or toluene is added equal in 
volume to that of the light petroleum to completely dissolve the reagent. 

This method of preparing zinc alkyl iodides does not give satisfactory 
results with -alkyl iodides, nor can the aryl zinc iodides be prepared 
directly by this method. 

Tor the preparation of these reagents only alkyl iodides can be used : the 
corresponding chlorides or bromides do not appear to react. 

3. Other Organo-metallic Compounds. — Sodium alloys of some 
metals are able to react with alkyl iodides to form metal alkyl 
derivatives. Thus, sodium amalgam, when heated with ethyl 
iodide under suitable conditions, yields mercury diethyl (Frankland 
and Duppa, J., 1863, 16, 415). By using the appropriate sodium or 
potassium alloy, lead tetramethyl (Cahours, Annalen, 1862, 122, 
67) ; tin tetramethyl and tetraethyl (Ladenburg, ibid., Spl. 1872, 8, 
64) ; bismuth triethyl (Breed, ibid., 1852, 82 , 106) ; antimony 
triethyl (Lowig and Schweizer, ibid., 1850, 75, 315 ; Landolt, 
J, pr. Chem., 1861, [i], 84 , 330), have been prepared. This method is 
no longer of any great practical value, for the majority of these 
metal alkyl derivatives can be more conveniently obtained by 
reaction of the appropriatq^ Grignard reagent with the appropriate 
metal halide. It is however used to some extent for the preparation 
of some mercury organic compounds. 

The reaction for the preparation of mercury organic compounds 
can be applied to the alkyl and aryl hahdes and is facihtated by the 
presence of ethyl acetate. 


Preparation of Mercury Diphenyl . — ^Bromobenzene, mixed with an equal 
volume of benzene and a tenth of its weight of ethyl acetate, is added to 
an excess of 2-7% sodium amalgam. The mixture is heated under reflux 
in an oil-bath for 5 hours. More benzene is then added to dissolve any 
product which may have separated. The product is then filtered from sodium 


* With altyl io^des of comparatively high mol. wt. the amount of ethyl 
acetate should be increased to J — f mol. proportion. 
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bromide. Removal of the solvent from the filtrate leaves mercury diphenyl, 
which is purified by crystallisation from benzene, m, p. 120° (Sehlenk, 
Houben-Weyl, Die Methoden der Organischen Chemie, 1924, lY, p. 924; 
compare Arohheim, AnnaleUy 1878, 194 , 148; Dreher and Otto, ihid., 1870, 
154 , 94). 


(b) Reaction of Halogen Compounds with Organomagnesium 
Halides, — ^Tbe normal reaction of alkyl halides with the Grignard 
reagent is represented by the equation 

RI + RTVIgl — ^ R-R' + Mglg 

It is frequently found, however, that when an attempt is made 
to prepare hydrocarbons by this method, the product contains a 
large proportion of undesirable products such as unsaturated hydro- 
carbons, and hydrocarbons formed by the reduction of the radicles 
R and R'. The reaction is therefore of limited application only 
(Spath, Monatsh., 1913, 34, 19.65). In general it appears that benzyl 
chloride reacts fairly smoothly with the lower alkylmagnesium hal- 
ides yielding alkyl benzenes. The halogen of diphenyl- and tri- 
phenyl-methyl bromides is similarly replaced by alkyl in fairly 
good yield. This method has been used successfully for the prepar- 
ation of A®-olefins by allowing alkylmagnesium halides to act on 
allyl bromide (Brooks and Humphreys, J. Amer, CTiem. Soc,, 1918, 40, 
833; R. Wilkinson, J., 1931, 3057). The following general 
conditions are given by Wilkinson for the preparation of A“-olefins 
from allyl bromide. 

The Grignard reagent is prepared from the alkyl bromide and then forced 
over into a clean dry fiask by means of a dry stream of nitrogen, precautions 
being taken to prevent access of moisture. The reagent is cooled by an ex- 
ternal bath of cold water and stirred mechanically. Allyl bromide corre- 
sponding in amount to the magnesium in solution is now added slowly. The 
reaction is complete when the mixture becomes colourless. The stirring is 
continued thereafter for 30 minutes and the mixture gently warmed so that 
the ether refluxes. After keeping overnight, the ethereal solution is decanted 
from the magnesium bromide and distilled. If the olefin has a boiling point 
far removed from that of ether, a separation is effected by distillation through 
a fractionating column. If the boiling points are close together, the dis- 
tillate is washed repeatedly with water till there is no further diminution in 
volume. It is then fractionated. The product contains some saturated 
hydrocarbons. The pure olefin is obtained by converting into dibromide and 
subsequently removing the halogen by treatment with zinc-copper couple in 
alcohol. 


This type of reaction has also been used for the preparation of 
ethers by allowing the alkylmagnesium halide to react with halogen- 
substituted ethers. Thus monochloromethyl ether yields benzyl 
methyl ether by reaction with phenylmagnesium bromide (Reychler, 
Bull. Soc. chim,, 1907, [iv], 1, 1198 ; ..Hamonet, ibid., 1908, [iv], 
3, 255: ; compare Houhen and Fiihrer, Ber., 1907, 40, 4992). 

(c) Union of Radicles of Halogen Compounds under the Influence of 
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Metals, — In this type of reaction, 2 molecules of the halide react in 
presence of a metal according to the equation. 

2RI + 2Na R-R + 2NaI. 

The earliest record of such a condensation appears to be due to 
E. Frankland {Annalen, 1849, 71 , 171). He found that ethyl 
iodide, when heated at 130 — 140° in a sealed tube with the cal- 
culated amount of zinc, yielded a gas which was later recognised to 
he butane. Similarly methyl iodide gave ethane. Somewhat later, 
Wurtz {Ann. chim., 1855, [iii], 44 , 275) found that sodium could 
take the place of zinc in this condensation, and used this method 
for the preparation of such hydrocarbons as octane, decane, heptane, 
and nonane. Furthermore, if a mixture of equimolecular propor- 
tions of two different alkyl halides were used, the product contained 
notable amounts of a hydrocarbon derived by the condensation of the 
dissimilar radicles R*R', as well as the hydrocarbons R-R and R^-R'. 
The Wurtz reaction has been used fairly generally for the prepar- 
ation of paraffin hydrocarbons. Thus n- and ^5o-hexanes have been 
prepared from ?i-propyl and isopropyl iodides ; dii^obutyl from iso- 
butyl iodide (Schorlemmer, Annalen, 1867, 144 , 184; 1872, 161, 
277 ; Young and Fortey, 1900, 77 , 1126). It has also been used 
to obtain the hydrocarbon CfinHioo from myricyl iodide (Hell and 
Hagele,£er.,1889,22,502). 

The usual method of procedure consists in covering the necessary 
amount of sodium with dry ether and then adding the alkyl halide. 
Fractionation of the product when the reaction is complete yields the 
crude hydrocarbon, which is freed from unchanged alkyl halide by 
refluxing over sodium. 

This reaction has the disadvantage that the yields are often poor 
and the product liable to contamination with unsaturated hydro- 
carbons and the product of the reduction of the alkyl halide. Thus 
^5opropyl iodide is stated by Zander {Annalen, 1882, 214, 167) to 
^ve about 5% of the theoretical yield of ^5ohexane, while 7i-propyl 
iodide furnishes 9^-hexane in 25% yield (compare Young and Fortey, 
he. cit.). If special precautions are taken to free the sodium from 
all traces of oxide and rigorously to exclude moisture, better yields 
may be obtained (compare Faillebin, Bull. JSoc. chim., 1924, [iv], 

as, 160). 

The Wurtz synthesis was extended by ToUens and Fittig {Annalen, 
1864, 131, 303) to the preparation of the alkyl benzenes by using 
a mixture of alkyl halide and aryl halide. The following general 
directions are given by Fittig and Konig {Annalen, 1867, 144 , 277 ; 
compare Fittig, Schaeffer, and Konig, ibid., 1869, 149 , 324). 

About 1-J times th.© theoretical amount of clean sodium in a round-bottomed 
flask fitted with an efficient reflux is covered with dry ether (about double 
the amount of mix ed bromides). The mixture is cooled by an external bath 
of ice-water while a mixture of bromobenzene and altyl bromide is slowly 
introduced. It is advantageous to use about mol, proportions of alkyl 



HALOGEN COMPOUNDS 379 

bromide for 1 mol. proportion of aryl bromide. Reaction generally commences 
soon and is complete in a few bours. The ethereal solution is then decanted 
from the insoluble mixture of sodium and sodium bromide and fractionally 
distilled. The alkyl benzene is finally purified by refluxing over sodium. 

This process has been used successfully with nuclear-substituted 
bromo-derivatives of homologues of benzene, and to a less extent 
with some dibromo-aromatic hydrocarbons. The yields of ethyl and 
propyl benzenes are fairly good, but for the preparation of the higher 
homologues this method is not uniformly satisfactory. 

The union of aromatic radicles by treating the appropriate halogen 
compound with sodium does not proceed smoothly, and the yields 
are generally poor. Thus by the action of sodium on bromobenzene 
approximately only 5% of the theoretical amount of pure diphenyl 
can be obtained (Fittig, Anrialen, 1862, 121, 363 ; 1864, 132, 201 ,* 
XJUmann, ibid., 1904, 332, 40). Better results are obtained by using 
copper bronze as the condensing agent. This method is now gener- 
ally used for the preparation of derivatives of diphenyl from halogen- 
substituted derivatives of benzene. 

Preparation of Diphenyl. — ^lodobenzeii© (20 g.) and copper bronze (20 g.) 
are heated in a sealed tub© for 3 hours at 230°. Extraction of the product 
with ether and subsequent evaporation of the solvent yields a reddish oil 
which solidifies and after distillation furnishes diphenyl — ^yield 9 g. 

All^l derivatives of diphenyl are similarly prepared by using halogen- 
substituted homologues of benzene. jS-Iodonaphthalen© furnishes 22'- di- 
naphthyl (Ullmann, Annalen, 1904, 332, 40). 

Preparation of 2 : 2' -Dinitrodiphenyl. — o-Bromonitrobenzene (5 g.) is heated 
in a test-tub© at 200°, and while stirring with a thermometer, 3 g. of copper 
bronze are gradually added. The copper loses its lustre and the mass becomes 
viscous. The reaction is completed hy warming at 210 — 220° for a short time. 
After cooling somewhat, the mass is extracted with benzene. 2 : 2'-r>mitro- 
diphenyl is obtained by concentrating the extract — ^yield 76% of theoretical 
(Ullmann and Bielecki, Ber., 1901, 34, 2176), 

Preparation of the Methyl Ester of 6 : 6'-Dinitrodiphenic Acid. — Copper hronze 
(10 g.) is added gradually to the methyl ester of 2-chloro-3-nitrobenzoic acid, 
maintained at 210°. The reaction is completed by beating the mixture at 
225 — 235° for 1 hour. Extraction of the cooled mass with benzene removes 
the ester of the dinitrodiphenic acid. It separates from benzene as pal© yellow 
crystals, m. p. 132 — 133° — ^yield 5 g. (Kenner and Stubbings, J., 1921, 119, 
598). Other derivatives of diphenylcarboxylic acids are prepared similarly 
(compare Christie, James, and Kenner, J., 1923, 123, 1949). 

Preparation of 4 : 4:' -Diphenyldiphenyl, Ph'CgH 4 *C 6 H 4 *Ph. — mixture of 
2 g. of 4-iododiphenyl and 2 g. of copper bronze is heated. At about 220° 
reaction commences, and the temperature is gradually raised to 270°. At 
this point heat is evolved and the temperature of the mixture rises spontane- 
ously to 285°. When the vigour of the reaction subsides, the mixture is kept 
at 265 — 270° for 10 minutes. It is cooled, powdered, and then heated under 
a pressure of about 15 mm. A small amount of unchanged 4-iododiphenyl 
sublimes at about 150°. 4 : 4'-Diph©nyldiphenyl is obtained as a white crystal- 

line sublimate at 330°. It is purified by crystallisation from nitrobenzene — 
m. p. 320° (Bowden, J., 1931, 1113; compare Ullmann, Annalen, 1904, 
332, 51). 

• 

This tyj)e of condensation has also been used for the preparation of 
diphenyl aldehydes from halogen-substituted benzaldehydes, the 
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-CHO group being protected by conversion into an azometliine 
before heating with copper bronze. Acyl derivatives of halogen- 
substituted amines condense normally. Chloro-substituted di- 
phenyls have also been obtained by this reaction by condensing 
chloro-iodobenzenes in presence of copper bronze (UUmann, loc. cit.). 

Silver powder has also been used for the condensation of halogen 
compounds, but has received only a limited application. By its 
use, polyphenyls, such as 1 : 4-di-diphenylbenzene, have been 
prepared (Gerngross and Dunkel, Ber., 1924, 57, 746 ; Pummerer 
and Bittner, ibid., 1931, 64, 2477). It is, however, less efficient than 
copper bronze, and the reaction is often not a smooth one. Silver 
powder is also used for the formation of esters of dibasic acids from 
the esters of monohalogen-substituted fatty acids. Thus finely- 
divided silver converts the ester of P-iodopropionic acid into adipic 
ester (J. Wislicenus, Annalen, 1869, 149, 220 ; D. B. Jones, J. Amer. 
Ghem. Soc., 1915, 37, 586; HeU and Rothberg, Ber., 1888, 22, 60; 
HeU and W. Mayer, ibid., p. 48). 

An elegant method for this preparation of diphenyl from bromo- 
benzene has been described by Krizewsky and E. E. Turner {J., 
1919, 115, 559). It has since been applied by Bowden (loc. cit.) to 
the preparation of 4 : 4'-diphenyldiphenyL The following descrip- 
tion illustrates the method. 

Preparation of Diphenyl . — ^Anhydrous cupric chloride (28 g.) and bromo- 
benzene (32 g.) are added to magnesium turnings (4-9 g.) covered by 150 c.e. 
of dry ether. The mixture is shaken at frequent intervals and the vigour 
of the reaction moderated when necessary by external cooling. The mixture 
is finally heated under reflux for 2 hours and then ice -water and diluted 
hydrochloric acid are added. The ether is separated and the aqueous layer 
extracted several times with ether. The combined ethereal solutions are 
washed with water to remove the last traces of copper chloride, dried, and 
evaporated. Biphenyl remains, m.p. 70° — ^yield 13 g. (Krizewsky and Turner, 
loc. cit.). 


(6) Beaction of Halogen Compounds with Metal Salts. 

When an alkyl halide reacts with salts of acids, there is, in general, 
a more or less complete replacement of the metal by the alkyl group. 
Thus alkyl cyanides are formed with potassium cyanide ; potassium 
or silver acetates yield esters ; silver nitrite gives a mixture of alkyl 
nitrite and nitro-paraffiba. In the succeeding paragraphs only the 
more important of these reactions will be dealt with. 

(a) Metal Halides . — ^There are many examples recorded in the 
literature of the more or less complete replacement of one halogen 
by another when an alkyl halide or some other halogen compound 
is treated wdth a metal hahde. Thus ethyl or propyl fluorides are 
obtamed by reaction of the appropriate alkyl iodides with silver 
fluoride at room temperature . With silver fluoride the alkyl bromides 
and chlorides react less readily, and require to be heated in sealed 
tubes before complete replacement is effected. 

The replacement of chlorine and bromine by iodine is of import- 
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ance. It has been effected by heating with calcium iodide in sealed 
tubes (t. Romburgh, Bee. trav. cMm.^ 1883, 1, lol ; Spindler, 
Annalen^ 1885, 231, 257) ; more conveniently by the action of potass- 
ium iodide in methyl alcohol (W. H. Perkin, sen., and Duppa, 
Annalen, 1859, 112, 125). An elegant and simple method of effecting 
this change, due to Pinkelstein {Ber., 1910, 43, 1528), consists in 
treating the halogen compound with a solution of sodium iodide in 
acetone. It is well suited for the preparation of most alkyl iodides, 
a-iodo-ketones, and iodo-substituted fatty acids, benzyl iodide, and 
its substitution products. It fails, of course, if the halogen is un- 
reactive, as in the aryl hahdes. It cannot be used for the prepar- 
ation of di-iodo-compounds containing the halogens united to ad- 
jacent carbon atoms, since these compounds readily lose iodine to 
form unsaturated compounds. 

Preparation of i^oAmyl Iodide . — {soAmyl bromide (15 g.) is boiled for 
1 hour with a 15% solution of sodium iodide in acetone. About one-third of 
the acetone is then distilled oft and the residue poured into water. The 
oil thus obtained is separated, shaken with mercury to remove free iodine, 
and after drying, distilled under reduced pressure. 

Although a similar process can be applied to many other alkyl bromides, 
ieri.-butyl bromide reacts very slowly under these conditions. The method 
is therefore not recommended for the preparation of ^eri. -butyl iodide. 

Preparation of p~Nitrohenzyl Iodide . — 10 C.c. of A^-sodium iodide are added 
to a solution of 1-7 g. of ^-nitrobenzyl chloride in acetone. Sodium chloride 
separates rapidly, and is collected by filtration. The filtrate deposits 33 -nitro- 
benzyl iodide as long needles, m. p. 124° — yield 2*6 g. 

(b) Metal Cyanides . — ^Reaction between alkyl halides and metal 
cyanides takes place to furnish either cyanides (b) or ^>ocyanides (a) : 

{a) 

RI + MCN M == any metal radicle. 

-^R-C:N (6) 

The relative proportions of the two products appear to depend 
largely on the metal cyanide used. ^^oCyanide is the principal 
product of the action of the lower alkyl halides on silver cyanide. 
It is obtained as a double compound with silver cyanide, from which 
it is isolated by the addition of a concentrated solution of potassium 
cyanide. Mercuric and zinc cyanides also yield a high proportion 
of ^'^ocyanide by reaction with alkyl iodide (Gautier, Compt. rend., 
1868, 65, 468, 862; Bull. Sac. cJiim., 1869, [ii], 11, 214; Calmels, 
Gompt. rend., 1884, 99, 239; compare Guillemard, Ann. chim., 
1908, [viii], 14, 311). 

The alkali cyanides give nitriles as the principal product of the 
interaction with alkyl halides. This method is largely used for the 
preparation of simple nitriles. 

Preparation of Benzyl Cyanide . — ^A mixture of powdered sodium cyanide 
(52 g.) and water (45 c.c.) is warmed in a flask fitted with a reflux condenser. 
When all the salt has dissolved, benzyl chloride (103 g.) diluted with an equal 
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voltime of alcohol is added slowly. The reaction is completed by heating 
in a water-bath for 2 — 3 hours. The sodium chloride which has separated 
is removed by filtration and washed with a small amount of alcohol. As 
much as possible of the alcohol in the filtrate is distilled off from a water -bath 
and the benzyl cyanide in the residue separated from the aqueous layer. 

The resultant crude benzyl cyanide is distilled under reduced pressure 
— ^yield of pure product 75 — 85 g. — ^b. p. 115 — 120° /lO mm. (Adams and Thai, 
Organic Syntheses, 1922, 2, 9). 

Althongli the halogen of aryl halides is comparatively inert, 
Rosenmnnd and Struck (Rer., 1919, 52, 1749) find that interaction 
Avith potassium cyanide can be achieved by heating the aryl halide 
at 200° with an aqueous alcoholic solution of potassium cyanide to 
which has been added some cuprous cyanide. Under these con- 
ditions hydrolysis of the cyano-group occurs, with the result that the 
halogen is replaced by a carboxyl group. Thus bromobenzene 
yields benzoic acid ; ^-bromoanisole furnishes anisic acid. 

(c) Salts of Carboxylic Acids . — ^Reaction between alkyl halides and 
salts of carboxylic acids results in the formation of esters : 


RI + NaOgC-R' 


ROgC-R' + Nal 


Some of the applications of this reaction have already been referred 
to (p. 201). When direct methods of introducing the hydroxyl 
are unsatisfactory, it is frequently possible by its use to replace 
halogen by hydroxyl by the hydrolysis of the resultant ester. 

The general procedure is to allow the halogen compound to react 
with the silver salt of the appropriate acid, or more generally to heat 
the halogen compound with the potassium salt in a solution of the 
corresponding acid. Primary alkyl halides react normally ; second- 
ary halides furnish a poorer yield of ester owing to their greater 
tendency to ehminate halogen hydride ; -alkyl halides, however, 
yield olefin as the principal product. These generalisations also 
apply to di- and tri-halogen-substituted paraffins. Thus while 
ethylene dibromide and trimethylene dibromide furnish the corre- 
sponding esters in good yield, Pr-dibromobutane and propylene 
dibromide furnish a mixture of the ester and unsaturated bromo- 
olefin (Bainbridge, J., 1914, 105, 2291 ; Meres chkowsky, Annalen, 
1923,431,231). . 

The following general conditions for effecting the conversion of 
bromo- compounds into esters are given by Mereschkowsky {loc. cit.). 


Tbe bromo-compqund is boiled under refiux with finely-powdered and 
iresmy fused potassium acetate (1|- mol. proportions, for every atomic pro- 
portion of bromine) and as many c.c. of glacial acetic acid as there are grains 
of potassium acetate. 

, of the reaction depends on the position of the bromine in 

the compound.^ The end of the reaction can usually be recognised by the 
somtion ^coming clear and that no more potassium bromide separates, 
ine solution is then diluted with water and the ester taken up in ether. 

. Glycol Diacetate . — Ethylene dibromide (75 g.), glacial acetic 

5 g0» and finely-powdered dry potassium acetate (75 g.) in a J-litre 
dj^llati^ ^sk fitted with a reflux condenser and tilted so that the side 
oe ot the flask is inclined upward, are heated vigorously on a wire gauze so 
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that it refluxes briskly. After about 2 hours, the reflux condenser is removed, 
and after attaching it to the side ar m of the distillation flask, the flask is tilted 
for ordinary distillation and the reaction product is distilled over by heating 
with a luminous flame. 

The distillate is mixed with a further 75 g. of ethylene dibromide and 90 g. 
of potassium acetate and again heated under reflux for 2 — 3 hours. 

The reaction product is again distilled over, and then fractionally distilled 
through a short fractionating column. After two or three fractionations 
most of the glycol diaeetate is concentrated in the distillate collected between 
180° and 190°. 

Treatment of the lower-boiling fractions with potassium acetate as des- 
cribed above gives a further amount of the diacetate. 

Preparation of Benzyl Acetate. — ^Ben^l chloride (150 g.), potassium acetate 
(110 g.), and 200 g. of glacial acetic acid are heated under reflux for 20 hours. 
The bulk of the acetic acid is then distilled off till the vapour has a temperature 
of 120°. The residue is then treated with water. The benzyl acetate which 
separates is washed with water, dried, and distilled, h. p. 206° — ^yield 75 — 80% 
of theory (Seelig, J. pr. Chem., 1889, [ii], 39, 164), 

(d) Metal Nitrites . — Interaction of alkyl halides with dry silver 
nitrite results in the formation of a mixture of alkyl nitrite and the 
isomeric nitro-compound (V. Meyer, Annalen, 1874, 171, 1). 

^II-CH2-0N0 + Agl 

R-CH^-I + AgNO^' 

>H-CH2*N02 + Agl 

The relative proportions of the two products depends partly on 
the type of alkyl hahde. The halogen also has its influence. This 
is evident from the measurements of Reynolds and Adkins (J. 
Amer. Ohem. Soc., 1929, 51, 279). With the lower alkyl hahdes it 
appears that, with few exceptions, larger yields and larger propor- 
tions of nitro-paraffin in the product are obtained from alkyl 
bromides than from the corresponding chlorides and iodides. The 
proportion of nitro-paraffin in the product does not appear to be 
seriously influenced by the length of the carbon chain. Primary 
alkyl halides in general give higher yields of nitro- compounds than 
iso~, sec-, or ^erL-alkyl hahdes. 

The replacement of the halogen does not always proceed smoothly, 
for some iodides such as -butyl or cycZohexyl iodides give poor 
yields either of nitro-compound or nitrite, owing to the occurrence 
of side reactions (compare Kohler, J. Amer. Chem. Soc., 1916, 38, 
898). 

The reaction has been extended to the preparation of nitro-deriv- 
atives from benzyl halides, of dinitro-compounds from dihalogen 
paraffins such as trimethylene di-iodide (Keppler and V. Meyer, Ber., 
1892, 25, 1709), 1 : 4-di-iodobutane, 1 : 5-di-iodopentane, 1 : 10- 
di-iododecane (v. Braun and Sobecki, Ber., 1911, 44, 2528). 

^ Preparation of p-Nitrophenyl Nitromethane. — ^A modetate excess of dry 
silver nitrite is added to ^p-nitrobenzyl iodide in a mixture of ether and benzene 
so proportioned as to boil at about 50°. The mixture is kept for 12 hours at 
room temperature, and after grinding up the precipitate, heated under reflux 
for 2 hours. It is then filtered and the filtrate shaken, with aqueous alkali. 
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Tho isonitroso -compound is prccipitatod from iho ico-cokl alkalino solution 
by the addition of dilute aci<l. It is colliHit-od and crystallised from alcohol 
m. p. 91° (Hantzsch and Veit, Bcr.y 1899, 32, 62 J ). 

Preparation of Phenyhiitromnthcme. — Silver nitrite (17 g.) is added to 
benzyl chloride ( 12 g.) cooled in a bath of ieo-wator. After keeping for 24 hours, 
the product is extracted with other. Tho extract is dried over calcium chloride 
and then evaporated. The residue is treated with an equal weight of a 4% 
solution of sodium in methyl alcohol, when tho sodium salt of the ^sonitroso- 
compound is precipitated. It is collected by filtration and thoroughly drained 
by pressing it on the funnel. It is then dissolved in water, the calculated 
amount of acetic acid added, and the iiboratod nitro-compound extracted by 
ether. 

After drying the ethei'eal extract, phony Initromothano is obtained as an 
oil by evaporating the ether (Hollomann, lice. trav. cMm., 1 894, 13, 405). 

Preparation of p-Nitropropane. — ^Finoly-powdored silver nitrite (100 g.) 
is added — a little at a time — to 100 g. of isopi’opyl iodide dissolved in 300 c.c, 
of dry ether. The reaction is allowed to proceed without any cooling, and is 
not shaken till the temperature of tho reaction mixture begins to fall. It is 
then shaken vigorously and boiled under reflux for 12 hours. The precipitate 
is filtered and extracted several times with ether. The combined extracts 
and filtrate are then distilled. 

j8-Nitropropane is collected at 120° — ^yiold 12 — 15 g. (Kohler, J. Amer, Chem, 
Soc., 1916, 38 , 898). 

(e) Reaction with Metal Derivatives of Malonio Esters, ^-Keto 
Esters, and ^-Diketones. — Alkali metal derivatives of acetoacetic 
ester and similar P-keto esters, (B-diketones, and esters of malonic 
acid react with suitable halogen compounds to replace the metal 
by the alkyl group. This reaction is usually effected in alcoholic 
solution, but it may also be effected by treating a suspension of the 
appropriate sodio compound in an indifferent solvent with a suitable 
alkyl halide. 

This reaction, in so far as it concerns (B-ketonic esters and malonic 
esters, is of considerable importance for synthetic purposes (see pp. 
103 , 104 , 205 ), 

Preparation of Mhylmalonic Eeter (Method 1). — ^A solution of 2-3 g. of sodium 
in 25 g. of absolute alcohol is mixed with 16 g. of malonic oster and 20 g. of ethyl 
iochde. In a short time there is a precipitate and the liquid commences to 
boil. The mixture is then refluxed till it is neutral to moist litmus paper. 
The greater part of the alcohol is distilled off on the water-bath, the residue 
treated with water, and the ester taken up in ether. After washing the ethereal 
solution with water and drying over calcium chloride, the solvent is evaporated 
and the ester distilled. Ethylmalonic ester is collected at 206 — 208° (Conrad, 
AnnaZen, 1880, 204 , 134). 

(Method 2). — ^Malonic ester (100 g.) is added to 14*4 g. of sodium wire 
covered by 300 c.c. of dry ether. The mixture is shaken vigorously from 
time to time, and finally heated under reflux till the last trace of sodium has 
reacted. After cooling ethyl iodide (100 g.) is added. Reaction begins 
immediately and is completed by heating on the water-bath till tho mixture is 
neutral to moist litmus paper. The greater part of the ether is then distilled 
ofi, water added, and the ester separated. It is washed with dilute sodium 
carbonate solution and water, dried over calcium chloride, and distilled. The 
crude ethyl malonic ester passes over at 209 — ^215° — ^yield 102 g. The product 
contains some diethyl malonic ester (Michael, J. pr. Chem. ,1905, [ii], 72, 548). 

Preparation^ of n-Butyl Malonic Ester. — ^A solution of sodium ethoxide in 
ethyl alcohol is prepared by dissolving 23 g. of sodium in 500 g. of absolute 
alcohol. When the freshly prepared solution has cooled to about 50°, diethyl- 
malonate (164 g.) is gradually added, and then 137 g. of butyl bromide, which 
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should be added slowly. The reaction mixture is heated under reflux till it 
is neutral to moist litmus paper. As much as possible of the alcohol is then 
distilled ofl from a water-bath, and the residue diluted with about 400 c.c. of 
water. The mixture is thoroughly shaken. n-Butyl malonic ester separates 
as an oil, which is removed and distilled under reduced pressure. The pure 
ester is collected at 130 — 135°/20 mm.— yield 170—195 g. (Adams and Kamm, 
Organic Syntheses, 1925, 4, 11). 

The introduction of a second alkyl group can be effected by treat- 
ing the monoalkyl derivative with sodium ethoxide and the 
appropriate alkyl halide exactly as described for the preparation of 
the monoalkyl derivatives. In this way dissimilar alkyl groups can 
be introduced. The preparation of dialkyl-substituted malonic 
esters with similar alkyl groups can be effected in one operation, 
by adding the necessary amount of alcoholic sodium alkoxide and 
alkyl halide. 

Preparation of Diethyl Malonic Ester . — ^Malonic ester (32 g.) is added to 
a freshly prepared solution of 9*2 g. of sodium in 150 c.c. of absolute alcohol. 
Ethyl iodide (80 g.) is then added, and when the reaction which sets in has 
subsided, the mixture is heated under reflux till it is neutral to moist litmus 
paper. The subsequent treatment is similar to that employed for the isolation 
of other alkyl malonic esters described above — yield 30 g. of diethyl malonic 
ester, b. p. 223°. 

The introduction of alkyl groups into acetoacetic ester is generally, 
accomplished under the following conditions. 

Acetoacetic ester diluted with its own volume of dry ether or benzene is 
treated with slightly less than the theoretical amount of sodium or granulated 
sodium (1 mol.). When the formation of the sodio -compound is complete — 
it may be necessary to warm the mixture , to complete the reaction — ^the 
appropriate halogen compound is added. After the initial reaction has sub- 
sided, the mixture is heated under reflux till it is neutral to moist litmus 
paper. Water is then added, the upper layer of the substituted acetoacetic 
ester separated, washed with water, and dried over anhydrous magnesium 
sulphate. Fractional distillation xmder reduced pressure yields the pure 
product. 

. By a similar treatment of the mono -substituted acetoacetic ester a second 
group can be introduced. 

A large variety of groups may be introduced by this procedure — such as 
alkyl, benzyl, allyl, fatty acid ester residues, and hydroxy-alkyl groups 
(J. Wislicenus, Annalen, 1877, 186, 216). 

A similar procedure can be applied to many other p-keto-esters. 

Preparation of aa~Dimethylhenzoyl Acetic Ester. — a-Methylbenzoyl acetic 
ester (15 g.) is added to granulated sodium (1*8 g.) in toluene and the mixture 
kept at room temperature for about 3 hours, when the formation of the 
sodio-compound is complete. The resulting solution is decanted from traces 
of unchanged sodium and mixed with methyl iodide (11 g.). After heating 
under reflux for about 3 hours, the mixture is diluted with ether and then treated 
with water. The ether-toluene layer is washed first with dilute hydrochloric 
acid and then with water and dried. After removal of the solvents, the residue 
is distilled under reduced pressure, b. p. 153^ — -156° /19 mm. — ^yield 60 — 70% 
.of theory (Hope and W. H. Perkin, jun., J., 1909, 96, 2046). 

Tha preparation of the simple alkyl derivatives of acetoacetic 
ester can be accomplished by the action of the appropriate alkyl 
c c 
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halide on an alcoholic solution of the acetoacetic ester containing the 
necessary amount of sodium ethoxide (see p. 103). 

7. Special Reactions of Halogen Compounds. 

(a) Formation of Additive Compounds of lodo-compounds and their 
Reactions . — lodobenzene combines additively with chlorine to yield 
phenyl iodoehloride, Ph-IClg. lodochlorides of alkyl, bromo-, 
chloro-, and nitro-substituted benzenes are similarly derived, as 
also are the iodo- chlorides of naphthalene. The presence of several 
negative groups in the aromatic nucleus appears to prevent the 
addition of chlorine to the iodo-group, for no iodoehloride has been 
isolated from 'penta- and tetra-chloro-iodobenzenes. Combination 
of the iodo-compound with chlorine is generally effected by passing 
chlorine into the appropriate iodo-compound diluted with chloro- 
form. Glacial acetic acid or light petroleum can also be used as 
solvents (Willgerodt, Her., 1893, 26, 1533, 1947; 1896, 29, 1568; 
J. pr. Chem.y 1905, [ii], 71, 540; Willgerodt and Bollert, Ber., 1910, 
43, 2641 ; WiUgerodt and Wilcke, ibid., p. 2746). 

Preparation of Phenyl Iodoehloride . — solution of 5 g. of iodobenzen© in 
20 c.o. of chloroform is cooled in ice and dry chlorine passed in till no more 
chlorine is taken up. The solution sets to a paste of light yellow needles, 
which are filtered under suction and dried on porous earthenware (Willgerodt, 
J, pr. Chem., 1886, [ii], 33, 155). 

Some ahphatic compounds also yield iodochlorides. Thus 
methyl and ethyl iodides furnish unstable iodochlorides by adding 
the necessary amount of chlorine dissolved in carbon tetrachloride 
to a solution of the alkyl iodide in light petroleum cooled by a mix- 
ture of ether and solid carbon dioxide. Diodoethylene, CHI!CHI, 
and chloroiodoethylene, CHIICHCl, form more stable iodochlor- 
ides (Thiele and Haackh, Annalen, 1909, 369, 135 ; Thiele and Peter, 
ibid., p. 149). 

The iodochlorides hberate iodine from potassium iodide and are 
reduced by alcohol. Treatment with aqueous alkali converts them 
into iodoso-compounds. 

Ph-ICI^ 2NaOH — ^ Pli-IO + 2NaCl + jfaO 

It is sometimes advisable to use aqueous sodium carbonate or 
bicarbonate instead of alkali hydroxide. This applies particularly 
to the preparation of iodoso-compounds from iodoethylene iodo- 
chloride, from chloroethylene iodoehloride, and from polyhalogen- 
substituted phenyl iodochlorides (Thiele, loc. cit . ; WiUgerodt and 
Wilcke, loc. cit.). Iodoso-compounds also result by the gradual 
addition of water to a pyridine solution of the aryl iodoehloride 
(Ortoleva, Z., 1900, 1, 722). 

Preparaiion of lodosohenzene (Method 1). — ^Phenyl iodoehloride (3 g.) is 
ground up with 15 c.c. of 10% aqueous sodium hydroxide in a mortar. After 
keeping overnight, the iodosobenzene is collected by filtration, washed with 
water, and dried on porous earthenware. 
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(Method 2.) — solution of 1 g. of phenyl iodochloride in 3 c.o. of pyridine 
is diluted by the gradual addition of 50 c.c. of water. An oil separates, 
which soon solidifies to an amorphous mass. It is collected and washed 
successively with water, ether, and chloroform. 

lodoso-eompounds liberate iodine from potassium iodide; they 
behave in general as the anhydrides of the hypothetical diacid base 
R'I(0H)2. By dissolving an iodoso-compound in glacial acetic acid 
and subsequent crystallisation of the solution, the diacetate 
II*I(02C'CH3)2 is obtained. Diformates and dipropionates have also 
been prepared as well as dinitrates, chromates, basic sulphates, and 
basic nitrates. The nitrate is prepared by treating the iodoso- 
compound with dilute nitric acid; the chromate by the addition 
of chromium trioxide to an acetic acid solution of the iodoso- com- 
pound. lodochlorides are none other than the chlorides of iodoso- 
compounds. Basic salts are generally obtained from aryl iodoso- 
compounds containing several negative substituents in the nucleus 
(WiUgerodt, Ber., 1893, 26, 1309; Willgerodt and Wilcke, loc. cit). 

Under suitable conditions, iodoso- compounds are oxidised to 
iodoxy-compounds, IITO 2 - With iodosohenzene this occurs by 
heating at 90 — 100® (Willgerodt, Ber., 1892, 25, 3500), or more 
conveniently by boiling with water. This latter method has been 
applied to the preparation of a number of homologues of iodoxy- 
benzene. 

2Ph*IO — ^ Ph-I + Ph-IOa 

Preparation of p-Iodoocytoluene. — p-Iodosotoluene is boiled with water. 
It gradually dissolves, and p-iodotoluene distils over in steam. lodoxytoluene 
is deposited as a white crystalline solid on cooling the non-volatile aqueous 
residue. It decomposes at 228° on heating in a capillary tube (Willgerodt, 
Per., 1893, 26, 360). 

Oxidation of this kind is often effected very conveniently by 
means of aqueous hypochlorite. Iodoxy-compounds have been 
prepared also by the direct oxidation of iodobenzene and its homo- 
logues by means of permonosulphuric acid, while many iodo-com- 
pounds are oxidised by peracetic or perbenzoic acids to iodoso- or 
to iodoxy-compounds. In the case of aliphatic compounds the 
iodo-group must he attached to a doubly-bound carbon atom for 
this type of oxidation to occur. Thus iodofumaric acid is oxidised to 
iodosofumaric acid (Boeseken and Schneider, Proo, K, Ahad, 
Wetensch, Amsterdam, 1930, 33, 827 ; 1932, 35, 1140). 

Iodoxy-compounds appear to have no basic properties. They 
react with iodoso-compounds in aqueous suspension, preferably in 
presence of moist silver oxide, to yield iodinium compounds. Thus 
an intimate mixture of iodoso- and iodoxy-benzenes shaken with a 
suspension of silver oxide in water yields a jSltrate which is strongly 
alkaline owing to the formation of diphenyliodinium hydroxide, 
Phg'IOH'. The addition of potassium iodide, preferably after 
reduqing the iodate present by sulphurous acid, precipitates di- 
phenyhodinium iodide, Ph 2 'II. This reaction can be fairly generally 
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applied to the preparation of nitro-, halogen-, and alkyl-substituted 
aryliodoso- and iodoxy- compounds. 

Ph-IO + Ph-IOa + HgO — ^ Ph 2 l(OH) + HIO 3 

This interaction occurs to some extent during the preparation of 
iodoxy-compounds by boiling iodoso-compounds with water. The 
iodinium iodide can be obtained in this way by adding potassium 
iodide to the aqueous mother-liquor obtained after the separation 
of the iodoxy-compound (Hartmann and V. Meyer, Ber., 1894, 27, 
504, 1598). 

Some unsymmetrical substituted iodoaryl-iodinium salts are 
obtained directly from iodosobenzene and some of its homologues by 
treatment with concentrated sulphuric acid. 

2PhIO + H 2 SO 4 {IC6H4-I-Ph)HS04 + H^O 

(Hartmann and V. Meyer, Ber., 1894, 27 , 427 ; Willgerodt and 
Howells, ibid.y 1900, 33 , 847 ; Willgerodt and Schmierer, ibid., 1905, 
38 , 1477). 

(b) Isomerisation of Halogen Gom'pounds. — woButyl bromide is 
converted into ^er^.-butyl bromide on heating. The reverse change 
of the ^er^.-bromide to i^obutyl bromide also occurs under similar 
conditions, an equilibrium being attained when the mixture con- 
tains about 80% oi ^er^.-butyl bromide (EltckofF, Ber., 1873, 6 , 
1258; 1875, 8 , 1244; Eaworsky, Annalen, 1907, 354 , 325; Michael 
and Leupold, ibid., 1911, 379 , 263), This reaction has since been 
studied in some detail (Michael and Zeidler, Annalen, 1912, 393 , 81 ; 
Michael, Scharf, and Yoigt, J. Amer. Ghem. 3oc., 1916, 38, 653; 
Brunei, ibid., 1917, 39 , 1978; Annalen, 1911, 384 , 245). Pure 
isobutyl bromide is comparatively easily isomerised. In the vapour 
phase some specimens are transformed into the -bromide to 
the extent of 2*7 % after 3 hours'at 100° ; 54% after | hour at 184°. 
In the liquid phase a transformation of 82% has been observed 
after 3 hours at 142°. The rate of isomerisation is dependent very 
largely on the presence of impurities, iso- and -Butyl alcohols 
or diisobutene which are normal impurities in most specimens of iso- 
butyl bromide retard the change. The type of glass used for the 
enclosing vessels also has an important effect. A trace of zinc 
bromide is sufficient to catalyse the isomerisation very markedly 
(Michael, Scharf, and Voigt, loc. cit.). 

Other bromides which have been shown to isomerise on heating 
are iso- and 7 i-propyl bromides ; iso- and ^er^.-amyl bromides. These 
changes have been effected by passing the vaporised hahdes over 
barium chloride or thorium chloride at 250° and then over pumice 
at 200°. The yields of tert.-s^myl and ^er^.-butyl bromides from the 
corresponding i^obromides are about 60 — ^75% ; 7 i-propyl bromide 
gives isopropyl bromide in 25% yield (Sabatier and Mailhe, 
Gompt rend,, 1913, 156, 659). 
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A similar rearrangement takes place at room temperature under 
tke influence of aluminium chloride (Gustavson, Ber., 1883, 16, 
958), and this no doubt is responsible for the production of tert.- 
and -alkyl benzenes in the Eriedel— Crafts reaction when primary 
alkyl derivatives might have been expected (see p. 46). 

Changes of this type do not appear to be confined to the alkyl 
halides. Faworsky (Zoc. cit.) has shown that some dibromides such 
as ethylene dibromide, propylene dibromide, and the butylene di- 
bromides undergo isomerisation on heating in sealed tubes at 
between 200° and 300°. 
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CHAPTER XI 


STJLPHONIC ACIDS, SirLPHINIO ACIDS, SDLPHONBS, AND 
SDLPHOXIDES 


(1) Sulphonie Acids. 

(а) General characteristics. 

(б) Reduction of the Sulphonyl Groups. 

(c) Replacement of the Sulphonyl Group. 

1. By Hydrogen. 

2. By Hydroxyl. 

3. By Cyanide, Carboxyl, Halide, or Amino-Groups. 

(2) Sulphinic Acids. 

(3) Sulphoxides. 

(4) Sulphones. 


In this chapter the reactions of the sulphonie acids, sulphinic 
acids, sulphones, and sulphoxides axe considered. The reaction 
of the mercaptans and thiophenols and thio-ethers are discussed 
in Chapter III (pp. 106-108 and 114-116). 

(1) Sulphonie Acids. 

(a) General Characteristics . — ^The sulphonie acids are represented 
by the general formula R'S020H (where R = alkyl or aryl). They 
are, in general, strong acids, and, unless R has too high a molecular 
weight, or amino-groups are present, are freely soluble in water. 
They give rise to salts of the general type R'S02’0Xa, and are 
conyerted into sulphonyl chlorides by the action of phosphorus 
chlorides. The chlorides yield esters and amides by the standard re- 
actions generally applicable to acyl chlorides (pp. 194, 198, 262-264), 
It is noteworthy that the sulphonyl chlorides in general are com- 
paratively stable to water, and some may be distilled in steam 
without any serious amount of decomposition. The preparation 
of the corresponding acids from the sulphonyl chlorides is effected 
by heating under reflux with ac[ueous alkah. 

Some ahphatic disulphonyl chlorides with the sulphonyl group 
attached to adjacent carbon atoms behave abnormally. Thus 
ethane ap-disulphonyl chloride eliminates sulphur dioxide and hydro- 
gen chloride by reaction with water, alcohol, dry ammonia, or 
organic amines to furnish derivatives of ethylene sulphonie acid. 


9H2-S02C1 

CHa-SOaCl 


fiHs 

CH-SOgX 


+ 2HC1 + SOg 


(X = NHj, PhNH, HO, or EtO) 
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(Autenrieth and Rudolph, Ber,, 1901, 34 , 3469; Autenrieth and 
Kobnxger, ibid., 1903, 36 , 3626; Kohler, Amer. Ghem. J., 1897, 
19 , 728; Clutterbuck and Cohen, J., 1922, 121 , 120). Propane 
a(3-disnlphonyl chloride behaves similarly, although if the sulphonyl 
groups are attached in the ay positions, normal replacement of 
the halogen occurs. 

(b) Reduction of the Sulphonyl Group . — ^Although the free sul- 
phonic acids, their esters and salts are normally resistant to re- 
duction, the sulphonyl chlorides and sulphonamides can be reduced 
fairly readily to furnish mercaptans or thiophenols as the final 
product. ]\lild conditions of reduction convert sulphonyl chlorides 
into sulphinic acids : 

2R-SOo-Cl + 2Zn — ^ 2R^SO^Zn + ZnClg 

This can be accomplished by the action of zinc dust on an alcoholic 
or ethereal solution of the sulphonyl chloride, or by sodium on an 
ethereal solution of the chloride or by the action of sodium sulphite 
(Otto, Annalen, 1867, 141, 366; Schiller and Otto, Ber., 1876, 9 , 
1585; Autenrieth, Annalen, 1890, 259, 364; Blomstrand, Ber., 
1870, 3 , 965; Hilditch, J., 1910, 97 , 1096). 

Preparation of Benzenesulphinio Acid. — solution of 30 g. of benzene- 
sulpbonyl eMorido in 150 c,c. of ether containing 1 — 2 c.c. of added water 
is mixed with 30 g. of zinc dust and heated under reflux for 1 — 2 hours. The 
reaction is complete when the mixture becomes pasty and assumes a greyish- 
white colour. The precipitate, which consists for the most part of the zinc 
salt of benzenesulphinic acid, is collected, washed with water, and then heated 
with a solution of 30 g. of sodium carbonate in 150 c.c. of water till the con- 
version into the sodium salt of the sulphinic acid is complete. The acid is 
precipitated from an aq^ueous solution of the sodium salt by adding an excess 
of sulphuric acid. It is obtained as prismatic crystals, m. p. 83 — 84° — ^yield 
24 g. (Ullmann and Pasdermadjian, Per., 1901, 34 , 1151, footnote). 

Preparation of 2 : 5-DicMorobenzenesulphimc Acid. — 2 : 5 -Dichlorobenzene- 
sulphonyl chloride (100 g.) is shaken with a cold solution of sodium sulphite 
(300 g.) and sodium hydroxide (20 g.) in 1000 c.c. of water. When the sulphonyl 
chloride has dissolved, the solution is filtered and then acidified with concen- 
trated sulphuric acid. The sulphinic acid which is precipitated (75 g.) is 
collected by filtration and purified by crystallisation from hot water (Smiles 
andD. T, Gibson, J., 1924, 125, 179). 

More vigorous conditions, such as the use of zinc and acid, result 
in the formation of mercaptans from sulphonyl chlorides. 

Preparation of Thiophenol. — fin© suspension of benzenesulphonyl chloride 
(35 g.) in diluted sulphuric acid is obtained by adding the chloride to a 
mechanically stirred mixture of concentrated sulphuric acid (140 g.) and ice 
(425 g.) maintained at ~ 5°. Zinc dust (72 g.) is then added as rapidly as 
possible without allowing the temperature to exceed 0°, and the stirring is 
continued for about 1 hour after the addition of all the zinc. The mixture is 
gradually allowed to warm up spontaneously. A vigorous reaction sets in, 
which necessitates the use of an efficient reflux condenser. The reduction 
is completed by boiling under reflux till the solution is clear. It is advisable 
to continue stirring throughout the preparation. 

The thiophenol is driven over from the reduction mixture by distillation in 
steam, and is isolated from the distillate by extraction with ether. After 
drying the ethereal solution, the pure product is obtained by fractionatK)n, 
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b. p. 166 — les"" — ^yield about 90% of theory (Adams and Marvel, Organic 

Syntheses^ 1921, 1, 71). ^ i i i 

Preparation of p-ThiocresoL—A mixture of 20 g. of ^j-toluenesulphonyl 
chloride, 74 g. of iron filings, and 30 g. of acetic acid is heated on a water-bath 
and 200 c.c. of 15% hydrochloric acid are added gradually. After heating 
for 6 hours, the thiocresol is distilled in steam and collected from the distillate 
by filtration— yield about 50% of theory, m. p. 43° (Decker and v. Fellenberg, 
Annalen, 1907, 356, 326). 

Aryl sulphonamides are smoothly reduced by concentrated aqueous 
hydriodic acid, preferably conta,ining phosphonium iodide. Thio- 
phenols are formed. 

CH3-CeH4*S02NHo + 7HI — ^ CK^-GqIL^-SR + 61 + NHJ + 

Sulphonanilides and some sulphonyl derivatives of amino- acids 
behave similarly. This method furnishes an alternative to the usual 
process for the acid hydrolysis of sulphonanilides, and appears to 
be quite convenient. It has been used successfully for the elimin- 
ation of the aryl sulphonyl groups from ^-toluenesulphonyl deriv- 
atives of alanine and aniline, benzenesulphonbenzylamide and ben- 
zenesulphonamide (E. Fischer, Ber,, 1915, 4<8, 93). 

Preparation oj p-Thiocresol from p-Toluenesulphonamide, — The reducing 
agent is fuming hydriodic acid (d, 1*96) which has been decolorised by shaking 
with a little phosphonium iodide. 

p-Toluenesulphonamide (5 g.) is heated with 50 c.c. of concentrated hydriodic 
acid and 7 g. of phosphonium iodide in a sealed tube. At about 75° a reaction 
sets in, as shown by the development of a brown coloration which disappears 
on shaking. By raising the temperature to 80 — 85° and shaking the tube 
frequently, j5-tolyl mercaptan commences to separate as a feebly-coloured 
oil. The reaction is complete when the solution develops no colour on standing. 
This generally requires about 25 — 30 minutes. The reaction mixture is poured 
into water (300 c.c.}, then cooled to 0° and the thiocresol filtered of£ — ^yield 
3*1 g., m. p. 44° after crystallisation from dilute alcohol (E. Fischer, loc. cit.). 

(c) Replacement of the Sulphonyl Group, 1 . By Hydrogen. — 
Substitution of the sulphonic group takes place in either of two 
directions : {a) the ehmination of the sulphonic group as sulphuric 
acid and its replacement by hydrogen, ( 6 ) replacement by groupings 
such as -CN, -OH, -NHg, -COgH and the liberation of the sulphonic 
group as sulphite. These are represented by the equations : 

II-S02-0H + HgO — > RH + H.SO 4 
R-SOg-OH NaX — R-X + NaHSOg 

(X = CN, OH, NH 2 or HCO 2 ) 

Substitution of the sulphonic group by hydrogen is effected in 
the aromatic series by heating with concentrated hydrochloric acid 
* in sealed tubes (Limpricht, Ber., 1877, 10 , 315), or more conveniently 
by heating with diluted sulphuric acid in a current of superheated 
steam (H. E. .^mstrong and Miller, J., 1884, 45, 148). Phosphoric 
or hydiochloric acids can be used instead of sulphuric acid. The 
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application of this reaction for obtaining aromatic hydrocarbons 
and their nitro- and halogen-substitution products is referred to on 
p. 42. 

The temperature at which hydrolysis of the sulphonic acid 
occurs appears to be determined by the group attached to the sul- 
phonic group. In the following table the temperatures at which 
hydrolysis becomes appreciable for a few aromatic sulphonic acids 
are given : 


Benzenesulphonic acid . 
p-Toluenesulphordc acid 
Xyleaesulphonic acids . 
^-Cumenesulphonic acid 
Cymenesulphonio acid . 
Mesitylenesulphonic acid 


175° 

150 

1^0 

(Armstrong and Miller, loo, cit.) 

130 

100 


It is evident that this method can be used for the separation 
of some sulphonic acids or for their purification after a preliminary^’ 
separation from other acids by suitable methods of crystallisation. 

2. Replacement hy Hydroxyl . — ^This is one of the most important 
reactions of type {b) of the aromatic acids. It is effected by heating 
a salt of the acid with molten caustic soda or potash. Aliphatic 
sulphonic acids under these conditions split out the sulphonic 
group with the formation of olefins. 

Pr^'paration of Phenol from Benzenesulphonic Ac^cZ.-yPotassimn hydroxide 
(35 g.) and 5 c.c. of water are heated together in a silver or nickel basin at 
about 250°. The melt is stirred by a thermometer, the bulb of which is pro- 
tected by encasing it in a nickel tube. Powdered sodium benzenesulphonate 
(18 g.) is added fairly rapidly and the melt stirred continuously, the temper- 
ature being maintained at about 230 — ^250°. After about 1 hour the melt is 
poured on a metal tray and, when cold, is broken up and dissolved in a little 
water. Acidification of the strongly alkaline solution with concentrated 
hydrochloric acid causes the separation of phenol as an oil. It is removed 
from the aqueous solution by means of ether, and the aqueous layer extracted 
two or three times more with the same solvent. The ethereal extracts are 
combined, dried in contact with magnesium sulphate, and then fractionated. 
Pure phenol is collected at 178 — 182° — ^yield 6 — 7 g. (Wurtz, Annalen, 1867, 
144 , 121; Degener, J. pr. Chem., 1878, [iij, 17 , 396). 


Many other monosulphonic acids derived from bomologues of 
benzene and from naphthalene yield phenols under similar conditions, 
the temperature of fusion being usually kept between 250*^ and 300°. 
Disulphonic acids or many phenolsulphonic acids furnish dihydric 
phenols by a similar process. It is noteworthy that fusion with 
sodium hydroxide alone fails to furnish phenols from some sulphonic 
acids, such as p-toluenesulphonic acid, although with potassium 
hydroxide a smooth replacement of the sulphonic group hy hydroxyl 
takes place. 

Preparation of p~Cresol from -p-Toluenesulphonic Acid . — Sodium hydroxide '■ 
(100 g.) and pot^sium hydroxide (40 g.) are fused together in an iron or nickel 
crucible and stirred by an iron or nickel tnbe containing a thermometer. 
When the temperature of the melt is about 230°, 15 g. of sodium p-toluene- 
sulphonate are added. The temperature is now slowlv raised, while 45 ‘k- of 



SULPHONIC AND SULPHINIC ACIDS 


397 


the sodium salt are stirred in, the additions being made whenever the melt is 
suf&ciently mobile to permit of the solids being stirred in. The temperature 
is raised to 300°, and then finally to 330°, when the foaming which sets in about 
300° should subside. The melt is then poured on an iron tray to cool. The 
solid is broken up, dissolved in about 600 — 700 e.c. of water, and acidified 
with sulphuric acid till there is a distinct odour of sulphur dioxide. The eresol 
is then distilled in steam. The distillate (600 — 700 c.c.) is saturated with salt, 
the eresol which separates is removed, and the aqueous layer extracted with 
ether. After drying the ethereal solution it is fractionated. p-Cresol is 
collected at 95 — 96°7l5 mm. — ^yield 60 — 70% of theory, m. p. 31° (Hartman, 
Organic Syntheses, 1923, 3, 37). 

Preparation of 1 : 1 -Dihydroxynaphtholene. — ^The sodium salt of ^-naphthol- 
S-sulphordc acid (64%, 400 g.) is added during 30 minutes to 1200 g. of fused 
caustic potash at 230 — 240°. The temperature is then raised to 250° and 
kept at this point for 30 minutes, the fused mass being thoroughly stirred. 
The cooled product is broken into small pieces, dissolved in 2800 c.c. of water, 
and then acidified with 1840 c.c. of concentrated hydrochloric acid. The 
tar which separates is extracted with chloroform in a Soxhlet. The aqueous 
solution deposits 1 : 7-dihydroxynaphthalene on cooling, and a further 
amount is obtained by extracting the aqueous solution with chloroform. 
The yield of dihydric phenol from the tar and aqueous liquors is about 40%. 
The pure dihydric phenol is obtained as almost colourless needles by crystal- 
lisation from benzene, m. p. 178° (Morgan and Vining, J., 1921, 119 , 1709; 
Emmert, Amialen, 1887, 241 , 371). 

The alkali fusion may be accompanied by other reactions . Accord- 
ing to Cappelli {Gazzetta, 1918, 48, ii, 107), a small amount of thio- 
phenol may result if the fusion is effected in iron vessels. At high 
temperatures (320 — 325°) with sodium benzene sulphonate there may 
be a small loss due to oxidation (Boswell and Dickson, J, Amer. 
GTiem, Soc., 1918, 40, 1786). This is far more serious in the alkali 
fusion of anthraquinone-|3-sulphonie acid. Appreciable quantities 
of alizarin are formed under the normal conditions of fusion, and 
it is even formed if the sodium salt of anthraquinone sulphonic acid 
is heated with four times its weight of 20% aqueous caustic soda at 
155 — 165° (Liebermann, Annalen, 1882, 212, 25). 2 : 6- and 2 : 7- 
Anthraquinonedisulphonic acids undergo a similar oxidation on 
fusion wdth caustic soda. It is claimed (Meister, Lucius, and Briin- 
ing, D.R.-P. 100,505 ; F. Bayer & Co., D.R.-P. 197,649) that if the 
caustic soda is replaced by alkaline-earth hydroxides there is a 
normal replacement of the sulphonic group without the introduction 
of hydroxyls in the a position. Alkali fusion of the anthraquinone- 
sulphonic acids may also result in a partial breakdown of the molecule, 
with the formation of hydroxybenzoic acid, the extent of the dis- 
ruption being dependent on the conditions (Liebermann and 
Debnst, Ber,, 1879, 12, 1290, 1597; Offermann, An/nalen, 1894, 
280, 17). By the use of alkaline-earth hydroxides instead of 
caustic soda this disruption is avoided (F. Bayer, D.R.-P. 170,108). 
Other examples of the disruptive action of alkah fusion are the form- 
ation of o-toluic acid from naphthalene- 1 : 3-disulphonic acid ; 
•naphthalene-1 ; 3 : 5-, -1 : 3 : 6-, -1 : 3 : 7-, and -1:3: 8-trisulphonic 
acids yield hydroxytoluic acids (R. Meyer and Hartmann, Ber,, 
1905,-38, 3945). 

When more than one sulphonic group is present, it is often possible 
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to replace only one of them by suitably modifying the conditions. 
Thus benzene-m-disulphonic acid, which yields resorcinol under the 
ordinary conditions of alkali fusion, is converted into phenol-m- 
sulphonic acid by heating with dilute sodium hydroxide solution 
under pressure (Willson and K. H. Meyer, Bar,, 1914, 47, 3160). 
The selective replacement of a sulphonic group is of some technical 
importance in the preparation of a-naphtholsulphonic acids. 
Thus 1 ; o-naphthalenedisulphonic acid furnishes a-naphthol-5- 
sulphonic acid by the action of caustic soda at 160 — 190° (Ewer and 
Pick, D.R.-P. 41,934); a-naphthol-3 : 6-disulphonic acid results 
by heating naphthalene- 1 : 3 : 6-trisulphonic acid with 50% caustic 
soda at 170 — 180° (Giirke and Rudolph, D.R.-P. 38,281). 

3. Replacement by Cyanide, Carboxyl, Halide, or Amino-Groups . — 
The formation of nitriles occurs when an intimate mixture of a salt 
of a suitable sulphonic acid and potassium cyanide is distilled. 
Thus benzene sodium sulphonate and potassium cyanide yield 
benzonitrile ; a-naphthonitrile is similarly obtained from the sodium 
salt of naphthalene- a-sulphonic acid (Merz and Mulhauser, Ber., 
1870, 3, 710). 

By fusing together sodium formate and the potassium salt of 
benzenesulphonic acid (the sodium salt gives no yield) a salt of 
benzoic acid is formed. Salts of a-naphthoic and ^5ophthalic acids 
are formed in an analogous manner from the appropriate sulphonic 
acids (V. Meyer, Annalen, 1870, 156, 273). 

When sodium benzene sulphonate and sodamide are heated 
together, aniline is formed in poor yield (Jackson and Wing, Ber., 
1886, 19, 902). Better results are obtained if naphthalene is added 
to the mixture (F. Sachs, Ber., 1906, 39, 3014). p-Naphthylamine 
results from naphthalene- p-sulphonic acid. The replacement is 
more satisfactory with the naphthol monosulphonic acids which give 
rise to aminonaphthols (Sachs, loc. cit.). 

In the anthraq[uinone series the formation of amino-derivatives 
from anthraquinonesulphonic acid takes place comparatively 
readily by heating the acid with aqueous ammonia under pressure 
in presence of barium chloride or a suitable catalyst. Thus anthra- 
quinone sodium p-sulphonate gives a 70% yield of aminoanthra- 
quinone when it is heated with half its weight of barium chloride 
and five times its weight of 25% ammonia at 170 — 177 for 48 hours. 
The barium chloride may be replaced by manganese dioxide or 
sodium dichromate. The 1:7-, 1:6-, 2:5-, and 2 : 6-disulphonic 
acids can be sinularly converted into the corresponding diamines 
(Meister, Lucius, and Briining, D.R.-P. 267,212 : ' 273,810 ; Kaufler 
and Imhoff, Ber,, 1904, 37, 4708 ; Badische Amlin u. Soda Fabrik, 
D.R.-P. 256,515). 

The direct replacement of the sulphonic group by halogen in the 
benzene series does not occur to any serious extent unless amino- or^ 
hydroxyl groups are in the ortho or para position to the sulphonic 
group, and even in these circumstances the replacement is dep^dent 
on the presence of other groups. Although sulphanUic acid-, can 
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be brominated to 2 ; G-dibromosulpbanilic acid in aqueous solution, 
furtber bromination yields 2:4: 6-tribromaniline. Beplaceinent of 
the sulphonic group of 2 : 6-dibromosulphanilic acid by iodine occurs 
when the acid is treated with iodine monochloride. 4 : 6-Dibromo- 
aniline-2-sulphonic acid suffers an analogous replacement "-with 
bromine water or iodine monochloride (Sudborough and Lakhuma- 
lani, J., 1917, 111, 41). In the naphthalene series some nitro- 
sulphonic acids furnish nitrochloronaphthalenes by the action of 
sodium chlorate and hydrochloric acid (Friedlander, Karamessinis, 
and Schenk, Ber,, 1922, 55, 45). Tinder somewhat similar condi- 
tions, some of thenaphthol- and naphthyl-aminesulphonic acids have 
the sulphonic group replaced by halogen. 

The most commonly applied replacement of the sulphonic group 
takes place with the anthraquinonesulphonic acids. Thus anthra- 
quinone-oc- or -P-sulphonic acids yield the corresponding chloro- 
anthraquinones by treatment in aqueous solution with chlorine at 
100°. Dichloroanthraquinones are prepared similarly. A more 
convenient method consists in boiling the sulphonic acid with hydro- 
chloric acid and sodium chlorate (Ullmann and Ochsner, Annalen, 
1911, 381, 2; F. Bayer & Co., D.K.-P. 205,195: 205,913; Badische 
Anilin u. Soda Fabrik, D.R.-R 214,714: 228,876). 


(2) Sul^hinic Acids. 

The sulphinic acids are represented by the general formula 
R'SOgH (where E = alkyl or aryl). The free acids are stated to 
be unstable, pure benzenesulphinic acid slowly changing at room 
temperature even in the absence of air to yield benzenesulphonic 
acid and diphenyldisulphoxide. 

SPh-SOsH Ph-SOg-OH + Ph-S-SOg-Ph + H^O 

According to Pauly and Otto (Per., 1877, 10, 2181) the change is 
almost complete after 20 months. On the other hand, Autenrieth 
(Annalen, 1890, 259, 362) states that the pure acid may be kept in a 
desiccator without change for over a year. The decomposition is 
accelerated by dilute acids or heating with water at 130° (E. Otto, 
Ammlen, 1868, 145, 317 ; Pauly and Otto, loc. cit.). It is best 
effected by Hilditch’s method of heating with dilute acids (J., 1910, 
97, 1096). 

Preparation of 2:5:2': ^'-Tetrachlorodiphenyl Pisulphoxide . — 2 Litres of 
water containing 2 drops of concentrated sulphuric acid, 10 drops of 
concentrated hydriodic acid, and 50 g. of 2 : 5-dichlorobenzenesulphimc 
acid are heated on a water-bath for 4 hours, sulphurous acid being added 
at intervals to decolorise the solution. The insoluble disulphoxide is 
collected, triturated with aqueous sodium hydroxide, and the residue crystal- 
» lised from light petroleum. It separates from this solvent as colourless needles, 
m. p. JL28° (Smiles and Gibson, J., 1924, 126, 180). 

TJie alkali salts of the sulphinic acids yield sulphones instead of 
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the normal esters by reaction with some alkyl halides and other 
suitable halogen compounds. 

R-SOaNa + ClCHa-Ph — R-SOa-CHg-Ph + NaCl 

(ICnoeTenagel, Ber., 1888, 21, 1349; UUmann and Pasdermadjian, 
ibid., 1901, 34, 1150; Michael and Palmer, Amer. Chem. J., 1884, 
6, 253 ; R. Otto, J. 'pr. Ohem., 1889, [ii], 40, 508). 

Preparation of 2-Nitrodiphenylsulphone , — ^Benzenesulphinic acid (4 g.), 
o-nitrochlorobenzeue (4*5 g,) and 2*0 g. of sodium acetate are heated together 
with about 10 c.c. of alcohol in a sealed tube at 160° for 3 hrs. After cooling, 
the contents of the tube are washed with water and the insoluble residue of 
nitrosulphone is crystallised from alcohol, m. p. 147 — 148°. 

The 4-nitro3ulphone is prepared similarly, while 2 : 4- and 2:4: 6-trinitro- 
sulphones are obtained by suitable modifications of this process (UUmann 
and Pasdermadjian, loc. cit.). 

The normal esters of the sulphinic acids result by the action of 
alcoholic hj^drogen chloride on the free acid or by the reaction of 
chlorocarbonic esters on the alkali salts (R. Otto and Rossing, 
jBer., 1885, 18, 2506). A more suitable method consists in treating 
the sulphinic chloride with the appropriate alcohol in presence of 
potassium carbonate or pyridine (H. Phillips, J., 1925, 127, 2553). 
The sulphinic chlorides are best obtained by the action of ethereal 
thionyl chloride on the sulphinic acid (Hilditch and Smiles, Ber., 
1908,41,4113; PhiUips, Zoc. cit). 

Sulphinic acids combine additively with a ^ -unsaturated acids 
to foim sulphoiies. Thus cinnamic acid and p-toluenesulphinic acid 
furnish P-phenylpropionic acid p-tolylsulphone. 

Ph-CHICH-COaH + TohS0.2H — Tol-S02-CH(Ph)-CH2-C02H 

The formation of sulphones by the addition of sulphinic acids 
to quinones is referred to on p. 185. Aldehydes are also able to 
furnish additive products; those from aliphatic aldehydes are 
dissociated into their components in solution. Aromatic aldehydes 
yield more stable products (Kohler and M. Reimer, Amer. Chem. J., 
1904, 31, 163). 

R-CHO + R-SOgH — R-CH(0H)-S02-R 

Oxidation cf henzenesulphinic acid to the sulphonic acid occurs 
by treatment with concentrated nitric acid, although some nitration 
may take place if the acid is too concentrated (R. Otto and Ostrop, 
Armalen, 1867, 141, 370). Sulphonic acids are also obtained by 
the oxidation of arylsulphinic acids with potassium permanganate 
in acetic acid ; by this process some disulphone is obtained as a by- 
product (Hilditch, J., 1908, 93, 1526). 


R-SOaH -f 0 — >■ R-SOa-OH 
2R-S02H + O — ^ R-SOa-SOa-R + HgO 
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Aqueous bromine or chlorine converts arylsulphinic acids into 
the corresponding arylsulphonyl chlorides (R. Otto and Ostrop, 
Zoc. cit., p. 372 ; R. Otto, Annalen, 1868, 145, 322), 

(3) Sulphoxides. 

Sulphoxides are formulated R*SO*R' (R and R' may be simple 
or substituted alkyl or aryl groups). As intermediates in the oxid- 
ation of sulphides to sulphones they can be oxidised by any of the 
methods employed for the preparation of sulphones. Puming 
nitric acid has been used for this purpose (v. Ofele, Annalen, 1863, 
127, 370; 1864, 132, 87; Saytzew, ibid., 1867, 144, 150), but it is 
generally more convenient to use permanganate or hydrogen 
peroxide (seep. 115). 

Oxidation of DiisoamylsulpTioxide . — suspension of 5 g. of the sulphoxide 
in 100 c.e. of water heated to 50° is stirred and a hot concentrated solution of 
permanganate is added as long as there is any decolorisation. After adding 
sufficient bisulphite to reduce the excess of permanganate, the sulphone is 
extracted with ether. Difsoamylsulphone remains after the solvent has been 
evaporated, b. p. 295°, m. p. 31° (Beckmann, J. pr. Chem., 1878, [ii], 17, 441). 

Sulphoxides are converted into sulphides by reduction. This can 
he effected conveniently by dissolving the sulphoxide in acetic 
acid and warming after the addition of zinc dust. The sulphide is 
precipitated from the filtered solution by adding water (Saytzew, 
Annalen, 1867, 144, 153; Gazdar and Smiles, J., 1910, 97, 2250). 
Gazdar and Smiles find that by heating in a sealed tube with alco- 
holic hydrogen chloride at 100°, some nitrohydroxyphenyl- 
sulphoxides are smoothly reduced to the sulphide. This method 
is apparently of limited application, for some sulphoxides (such as 
henzylsulphoxide) suffer fission under these conditions (Smythe, J., 
1909, 95, 349; compare Pummerer, Ber., 1909, 42, 22S2; 1910, 
43, 1404). 

The sulphoxides in general have basic properties, in that they are 
able to yield chlorides of the type RR'S(OH)’Cl by reaction with 
hydrogen chloride, Mtrates of the same general type RR'S( 0 H)']Sr 03 
have been known for some time, and are obtained by the oxidation' 
of the dialkylsulphides with nitric acid. With hydrogen bromide 
or hydrogen iodide, sulphoxides yield dihromides or di-iodides 
which are identical with those derived by the addition of the halogen 
to the sulphide. 

R'RSO + 2HI — > R'RSIg + H^O 

(Fromm and co-workers, Annalen, 1913, 396, 75; compare K. A. 
Hofmann and Ott, Ber,, 1907, 40, 4931). 


(4) Sulphones. 

Sulphones have the general formula RR'S02. They are iu general 
verj stable compounds, being indifferent to the usual reducing or 
n D 
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oxidising agents, to aqueous acid or aUialis. The stability of the 
disulphones to alkali appears to depend on the disposition of the sul- 
phone groups. Although disulphones of the type R'2C(S02‘R)2 
are indifferent to alkalis, disulphones such as R'*S 02 *S 02 *R are 
decomposed by aqueous alkali into a mixture of sulphinite and 
sulphonate. Disulphones in which the sulphone groups are attached 
to adjacent carbon atoms are attacked by aqueous alkali with the 
elimination of one sulphone group. 


Table XXIV. 
Sulphonic Acids. 



M.p. 

Phenyl 
ester. 
M. p. 

Chloride. 

M.p. 

Amide. 
M. p. 

Anilide. 

M. p. 

dethanesulphonic acid . 

syrup 

— 

[ 1 G 1 °] 

90° 

99° 

Etlianeaiilphonic acid , 

hygroscopic 
cryst. mass 


[177] 

58 

55 

Benzenesulplioiiic acid « 

— 

35° 

15 

149 

105 

t-CMorol}enzencsTilphonic acid 

68 ° 

— 

53 

144 

104 

i-Bromobenzenesulphonic acid 

— 

— 

75 

100 

119 

3-I5‘itrobenzcnesnlphoiuc acid 

— 

— 

61 

162 

126 

Benzene-^n-disiilphonic acid . 

— 

— 

63 

212 

144 

o-Toluenesidplionic acid 


52 

[126°/ 
10 mm.] 

155 

186 

i-Mro-o-toluenesulphonic acid 

4-2HaO 133 

64 

43 

186 

148 

p-Toluenesnlphonic acid 

— 

94 

69 

137 

103 

p-lthylbenzenesulphonic acid 


— 

12 

108 

— 

o-Xylene-4-siilpliioiiic acid 

— 

— 

51 

144 


tti-XyleDe-4-siilphorLic acid . 

-f 2 HaO 60 

— 

34 

137 

— 

p-XylerLesulphonic acid . 

H- 2 HaO 86 

— 

24 

148 

— 

v-CTimene-5-siilphonic acid . 

-f 2 H 3 O 112 

— 

61 

175 

— 

ilesitylenesulphonic acid 

+ 2 H 3 O 77 

— 

57 

141 

— 

Cymene-S-siilphonic acid 

131(a) 

— 

— 

151 

— 

Xapiithalene-a-sDlphonic acid 

-i- 2 HsO 88 

75 

67 

150 

112 

S-Mtronaphthalene-a-sulphonic acid 

— 

— 

113 

225 

— 

Xaphthalene-jS-sulphonic acid 

■f H 5 O 125 

09 

76 

212 

132 

Camplior-iS-aiilphoiiic acid 

196 dec. 

— , 

68 

170 

— 

a-Bromocamphor-n-sulphoiiic acid . 

196 

— 

136 

145 

— 

Antliiagmnoiie-jS-sidplionic acid 

— 

■ — 

193 

261 

— 

Toliiene-2 : 4-disulphODic acid . 

— 

— 

52 

186 

189 

Toluene co-sulphonic acid 
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(a) After driving. 
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THE lEENTIEICATIOlSr OE OKGAHIO SUBSTANCES 

(1) Preliminary Examination. 

(2) Identification of the Elements. 

(а) Sodium test for Nitrogen, Halogens, and Sulphur. 

1. Nitrogen. 

2. Halogen. 

3. Sulphur. 

(б) Beilstein’s Test for Halogen. 

(c) Calcium Oxide Test for Halogen. 

(d) Tests for Sulphur, Phosphorus, and Arsenic. 

(3) Eecognition of Characteristic Groups. 

(a) Nitrogen, Halogen, and Sulphur Absent. 

1. Carboxylic Acids. 

2. Monohydric Phenols. 

■ 3. Hi- and Tri-hydric Phenols. 

'4. Aldehydes. 

5. Ketones. 

6. Carbohydrates. 

7. Alcohols. 

8. Esters. 

9. Acetals and Ethers. 

10. Hydrocarbons. 

(b) Nitrogen present. Halogen and Sulphur Absent. 

1. Amine Salts. 

2. Acidic Substances. 

3. Amines. 

4. Amides, Nitriles, and other Hydrolysable Substances. 

5. Nitro-compounds, Azo-compounds and Substances Indifferent 

to Alkali and Acid. 

(c) Halogen Present. Nitrogen and Sulphur Absent. 

(d) Nitrogen and Halogen Present. Sulphur Absent. 

(e) Sulphur Present. Nitrogen and Halogen Absent. 

(/) Halogen and Sulphur Present, Nitrogen Absent. 

(g) Nitrogen and Sulphur Present. Halogen Absent. 

{h) Nitrogen, Halogen, and Sulphur Present. 

The essential part of all identifications consists in inferring from the 
reactions of the substance what groups are present. It requires 
therefore, if the deductions are to be of any value, a complete know- 
ledge of the reactions of the compound under examination. The 
practical operations may he divided into five groups : — 

1. Preliminary examination. 

2. Identification of the elements present. 

3. Examination of the reactions of the substance to ascertain 

what groups are present. 

4. Determination of the physical properties. 

5. Preparation of derivatives to confirm the deductions from the 
, evidence obtained in the examination. 

403 



404 


REACTIONS OF ORGANIC COMPOUNDS 


(1) Preliminary Examination. 

The value of a preliminary examination is that it frequently pro- 
vides clues, which, although not in themselves conclusive, often 
simplify the subsequent work. A not inconsiderable amount of 
information may be obtained from such obvious characteristics as 
colour and odour. Thus when the pure substance is coloured, many 
classes of compounds are definitely excluded : most hydrocarbons, 
alcohols, simple aldehydes and ketones, esters, carboxyhc acids, 
and ethers are colourless. On the other hand, all true aromatic 
azo- compounds are coloured; a nitroso-group in a hydrocarbon 
residue is frequently associated with a blue or green colour, particu- 
larly in the fused state. The occurrence of colour in the aromatic 
series may also be due to the presence of two such groupings as nitro- 
and amino- or nitro- and hydroxyl. Where these groups occur 
together the colour may be modified by salt formation. 

The odour of the simple monohydric phenols, the lower aliphatic 
alcohols, ketones, and aldehydes, the lower fatty acids, aromatic 
mononitro- compounds is, in general, sufficiently characteristic to 
afford a clue to their identity. Many esters also can often be 
recognised by their odour, but it should be remembered that many 
are odourless. The identification of a type of odour is, however, a 
matter of experience — it should be noted that the lower members 
of an homologous series may differ considerably in odour from the 
higher members. 

Whether or not any inferences are drawn from the characteristics 
of odour, state of aggregation, colour, or appearance, the observ- 
ations should be recorded as accurately as possible. Indeed, it is 
necessary throughout the examination to record accurately each 
observation as soon as made, for the final conclusions must be based 
on a consideration of all the evidence. 

In the preliminary examination the behaviour of the substance 
towards water should be ascertained — ^its solubility in cold and hot 
water — ^whether it is stable or reacts — and the reaction to htmus. 
The solubility in ether should also be noted, for this serves to indicate 
the presence of polyhydroxy-compounds and of complex substances 
of high molecular weight. 

The stabOity of the substance to heat must also be determined. 
This is effected by warming a few centigrams of the substance on 
platinum foil or crucible lid or nickel spatula. The bunsen flame — 
quite a small one — should be so arranged so that the heat is con- 
ducted to the substance along the containing vessel. All changes in 
appearance as fusion, subfimation, alteration in colour, develop- 
ment of odour, or decomposition should be recorded. If the sub- 
stance is inflammable, the nature of the flame is often a useful guide, 
for aromatic compounds and others comparatively rich in carbon 
bum with a smoky flame. Finally the substance is heated more 
strongly to oxidise all carbonaceous matter. If after complete 
igmtion a non-volatile residue remains, its composition should* be 
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ascertained quaKtatively. A carbonate or oxide or a heavy metal 
indicates the presence of a salt of a carboxylic acid or phenol or a 
similar acidic substance. A sulphide, sulphite, or sulphate indicates 
a salt of one of the organic sulphur acids or the bisulphite compound 
of a carbonyl compound. 

The substance should also be heated with soda lime. Many 
nitrogenous substances will evolve ammonia and vapours alkaline 
to litmus; hydroxybenzoic acids yield phenols; formates yield 
hydrogen ; simple carboxylic acids yield hydrocarbons. 


(2) Identification of the Elements, 

(a) Sodium Test for Nitrogen^ Halogens, Sulphur . — ^This test 
depends on the formation of sodium cyanide when a carbon com- 
23ound containing nitrogen is decomposed by heating with sodium ; 
the production of sodium halide from a substance containing halo- 
gen ; the formation of sodium sulphide from a compound containing 
sulphur. 

The substance is heated in a dry ignition tube with a small piece 
of sodium. Warm the mixture gently for a few minutes, then raise 
the temperature gradually to red heat and continue the heating 
till the decomposition is complete {note A). After cooling some- 
what, plunge the tube into about 5 c.c. of distilled water contained 
in a mortar ; crush it to coarse powder to facilitate the extraction 
of the soluble sodium salts, and filter. Divide the filtrate into 4 
parts. 

1. Test for Nitrogen , — ^A part of the nitrogen in the original sub- 
stance will be present in the solution as cyanide, and this radicle is 
tested for by adding a few drops of a concentrated solution of ferrous 
sulphate, shaking the mixture, and at the same time warming 
gently {note B), After tw'o or three minutes, acidify with dilute 
hydrochloric acid. The formation of a blue precipitate of Prussian- 
blue indicates the presence of cyanide in the filtrate from the sodium 
fusion due to Nitrogen in the organic compound under examin- 
ation {notes C, D, E), 

Notes {A ), — there is any reaction between the sodium and the substance, 
it should be allowed to go to completion before heating strongly. Should 
the preliminary tests indicate that the substance is explosive, it is advisable 
to follow the procedure recommended by Mulliken — namely, to ^ute the 
compound with pure naphthalene and to heat with sodium in an iron tube. 
As an extra precaution the decomposition should be carried out behind a 
steel screen. 

(B). — ^The solution should be slightly alkaline. The precipitate formed 
on adding the ferrous sulphate becomes partly oxidised to black ferrosoferric 
hydroxide during wanning and shaking, and thus serves as a source of feme 
salt for the production of Prussian-blue. The addition of ferric chloride, which 
is generally recommended, is not only Tinnecessary, but the presence of a 
slight excess of ferric chloride diminishes the sensitivity of the test by masking 
the faint blue colour when only traces of precipitate are present. 

(C7). — When the amount of Prussian-blue is small, the solution, after 
acidifying, will have only a faint blue colour, and the appearance of the 
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precipitate will not be obvious. On filtration, however, a blue stain will 
remain on the filter if the coloration of the solution is due to Prussian-blue. 
If the blue coloration is very faint, the solution should be left for 10 minutes 
or so before filtering. 

(D ). — If the substance under examination contains sulphur in addition 
to nitrogen, a smaller or greater amount of thiocyanate may be formed. 
This will be recognised by the red coloration which it gives with ferric chloride. 

(JS ). — While this test for nitrogen is generally satisfactory, it fails with 
diazo -compounds and other compounds which lose their nitrogen at com- 
paratively low temperatures. It may also give uncertain results with fairly 
easily volatile substances which are not reactive, such as tertiary amines. 

2. Test for Halogen. — ^A portion of the filtrate from the sodium 
fusion is acidified with dilute nitric acid and tested for the presence 
of halide ion by the addition of silver nitrate solution {Note E). If 
a positive indication is obtained, the halogen is identified by the 
usual qualitative tests. Iodide is tested for by the addition of a 
solution of sodium nitrite to a portion of the solution from the 
sodium fusion acidified with sulphuric acid. If iodine is hberated, 
it is extracted with carbon disulphide or chloroform. The aqueous 
solution after extraction is treated with a small amount of chlorine 
water. The liberation of bromine occurs if a bromide is present. 
To detect chloride a further portion of the filtrate from the sodium 
fusion is evaporated and the residue subjected to the chromyl 
chloride test. 

Note {E ). — If the substance has been found to contain nitrogen, the presence 
of sodium cyanide in the solution will cause the precipitation of silver cyanide, 
unless the cyanide is first removed by gently boiling with dilute nitric acid for 
some minutes. In such circmnstances, confirm the test for halogen by an 
application of the calcium oxide test described later. 

3. Test for Sulphur. — ^The addition of a very dilute and freshly 
prepared solution of sodium nitroprusside to the filtrate from the 
sodium fusion will give a violet coloration if alkaline sulphide is 
present. This may be confirmed by the lead acetate and by the 
silver foil tests for sulphide. 

Note (jp). — ^If the previous tests have indicated the presence of nitrogen 
in the compound, the examination for sulphide may be unsatisfactory owing 
to the formation of thiocyanate. It is then necessary to test separately for 
thiocyanate by the addition of a solution of acidified ferric chloride. 

(b) BeilsteMs Test for Halogens. — ^A piece of copper wire, bent at 
the end to form a loop, is freed from traces of halogen by heating in a 
bunsen flame till it ceases to give a green coloration. While still 
warm, it is dipped into a portion of the substance under examination 
and the wire introduced into the base of the bunsen flame. A 
green or blue coloration usually indicates the presence of halogen. 

Note (G ). — ^Although this method gives satisfactory results with the majority 
of halogen-containing substances, it also may yield a flame coloration with 
thiourea and similar compounds, with picolinic acid, quinolinic acid, nicGtinio 
acid, and with many hydroxyquinolines (see ISfolting and Trautmann, Ber.f 
189(), 2Zj 3664; Milrath. Chem. ZpAt.. IftoQ 519 
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(c) Calcium Oxide Test for Halogens . — ^The substance is mixed 
intimately with halogen-free hme, transferred to a narrow test- 
tube, and a further quantity of lime added. Heating is commenced 
at the upper end of the tube and gradually extended to the mixture 
until the lower half of the tube is raised to a dull red heat. It is 
then plunged into water acidified with dilute nitric acid. The 
resulting solution is tested for halogen in the usual way. This 
method can be used to confirm the presence of halogen in nitrogenous 
compounds since nitrogen does not interfere. 

(d) Tests for Sulphur, Phosphorus, and Arsenic . — ^When the sub- 
stance is not volatile, the presence of sulphur, phosphorus or arsenic 
may be determined by fusion with a mixture of sodium carbonate 
and potassium nitrate. The melt is dissolved -in water and tested 
for sulphate, phosphate, or arsenate by the usual methods. 


(3) Recognition of Characteristic Groups. 

(a) Nitrogen, Halogen, and Sulphur Absent . — ^The simpler types of 
compounds to be expected are carboxylic acids, phenols, alcohols, 
aldehydes, ketones, esters, ethers, and hydrocarbons. 

1. Carboxylic Acids . — ^The preliminary observations must be 
supplemented by further tests. 

a. Reaction of the substance toward a cold solution of sodium 
bicarbonate must be determined. The evolution of carbon dioxide 
and the neutralisation of the substance usually indicate the presence 
of an acid. This test is subject to certain exceptions {Note A). 
The presence of a carboxyhc acid can only be definitely established 
when it is shown that it can be recovered unchanged from its solution 
in sodium carbonate; that it forms derivatives characteristic of 
carboxylic acids such as acyl chloride, amides, esters, etc. (see 
Ohap. V). 

When it is definitely established that a carboxyl group is present, 
the melting point, boiling point, the qualitative solubility in water, 
3ther, and other organic solvents, and the qualitative solubilities of 
Lts more common salts in wnter should be made. These observations 
may be supplemented by a determination of the equivalent by titr- 
ation with standard OAN alkali {Note B). 

The type of acid must be ascertained by testing for other character- 
istic groupings, such as hydroxyl, carbonyl, or ether or ester 
groups; if the acid is unsaturated, or a dibasic acid capable of 
forming an anhydride on distillation {Note C). 

Deductions from the foregoing examination must be confirmed by 
the preparation of suitable derivatives (see Chaps. V and VI). 

Notes (4). — ^The rate of solution in sodium bicarbonate solution of a 
sparingly soluble acid may be so slow that the evolution of carbon dioxide 
may not be obvious to a casual observer. The solution of such an acid on 
keeping and its subsequent precipitation unchanged on acidification with 
mineral acid are^ however, sufficient indication of its acidic natme. 

^t must be noted, however, that an evolution of carbon dioxide may result 
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from substances other than carboxylic acids, such as easily hydrolysable 
anhydrides and esters, or phenols containing negative groups, 

(J5). — ^The physical properties often afford clues to the type of acid. 
Thus, the lower fatty acids may be recognised by their odour and volatility • 
the higher fatty acids by their appearance, sparing solubility in water, and 
by the characteristic behaviour of their alkali metal salts in water. The 
aromatic acids are nearly all crystalline solids with comparatively high melting 
points (usually above 100°) and sparingly soluble in cold water. 

Some clue to the presence of such hydro:^-acids as tartaric, mucic, saccharic, 
citric will have been obtained in the preliminary tests. Other hydroxy-acids 
such as lactic, glycollic, and malic are also readily soluble in water and volatile 
with difficulty. Other acids soluble in w'-ater are the lower dibasic acids — 
oxalic, succinic, malonic as well as ketonic acids as pyruvic. 

(O). — Ketonic and aldehydic acids can usually be detected by the formation 
of phenylhydrazones by reaction in aqueous solution with phenylhydrazine 
(see p. 216)". 

Unsaturated acids dissolved in a slight excess of sodium carbonate reduce 
a cold dilute solution of potassium permanganate immediately. The behaviour 
towards bromine must also be ascertained (see p. 212). 

Ester acids ai'e tested for by refluxing with an excess of alkali, and the pro- 
ducts examined as indicated under esters (p. 411). 

Ether acids are tested for by heating tinder reflux for a short time with con- 
centrated hydriodic acid and the mixture gently distilled. The distillate will 
contain alkyl iodide if an alkoxy-acid is present. The dealky lated acid must 
he isolated and identified. 

2. Monohydric Phenols . — ^Phenol and its homologues are sparingly 
soluble in water and possess a characteristic type of odour; the 
hydroxy-derivatives of naphthalene are odourless or almost so. 

In the absence of acids, phenols can be recognised by their solu- 
bility in dilute sodium hydroxide solution. Very many of them give 
colorations with ferric chloride. The procedure to be followed is as 
foUows. 

(a) The substance is suspended in a small volume of water and a 
few c.c. of 10% sodium hydroxide solution are added. If the sub- 
stance under examination is a phenol it will dissolve. This should 
be confirmed by acidifying with dilute hydrochloric acid, when the 
phenol will be precipitated (Note A). 

(b) Neutral ferric chloride solution is added, and the colour which 
develops is noted (for exceptions, see Table VI, pp. 118-120) 
(Note B). 

(c) The identification of a phenol should be confirmed by the 
preparation of a benzoyl or p-toluenesulphonyl derivative by shaking 
the alkaline solution with benzoyl chloride or with y)-toluenesul- 
phonyl chloride (see p. 79). 

(d) Tests must be applied for the presence of other groupings such 
as alcoholic hydroxyl, carbonyl ester, and ether groupings. 

(c) The phenol must he characterised, after determination of its 
boiling point and melting point, by the preparation of suitable 
derivatives such as toluenesulphonates, benzoates, nitrobenzoates, 
rdtrobenzyl ethers, carbamates, or substitution products as nitro-, 
nitroso-, or bromo-derivatives (see Chap. III). 

Not^ {A). Guaiaeol aixd simple hydroxyphenol ethers are comparatively 
soluble in water. 

(5). Enols also yield colours with ferric chloride, but these substances 
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can usually be distinguished by the formation of characteristic copper salts, 
by their general physical properties, and either by their behaviour on alkaline 
hydrolysis or towards reagents for the carbonyl group, 

3. Di- and Tri-Tiydric Phenols , — ^The di- and tri-liydric phenols are 
readily soluble in water, and have no characteristic odour. They 
are identified by their colour reactions with ferric chloride, their 
reducmg properties, by the formation of esters with acid anhydr- 
ides or chlorides and by the preparation of suitable derivatives. 

The procedure is as follows. 

(а) A few drops of neutral ferric chloride solution are added to a 
solution of the substance in water. 

(б) In alkaline solution many di- and tri-hydric phenols are 
oxidised by the air with the development of dark solutions, 

(c) The substance must be tested for reducing properties towards 
PehUng's solution and ammoniacal silver nitrate {Note A), 

{d) The presence of hydroxyl should be confirmed by the prepar- 
.ation of an acetate, benzoate, or p-toluenesulphonate. 

(e) Attempts should be made to distinguish between o-, m-, and p- 
dihydric phenols after the determination of the physical constants. 
The pam- compounds are oxidised by mild oxidising agents such as 
ferric chloride, or dilute acidified chromate to quinones. m-Di- 
hydric phenols with a free ^ara position give the fluorescein reaction. 
Many o-dihydric phenols give precipitates with basic lead acetate. 

Note {A ). — ^Reduction of Fehling’s solution and of ammoniacal silver 
nitrate is not specific for polyhydric phenols (compare Morgan and IMickle- 
thwait, J.S.GJ,, 1902, 21, 1373). It is consequently of value only when 
considered in conjunction with other reactions. 

4. Aldehydes . — The prehminary test for an aldehyde consists in 
examining the reaction towards Schiff’s reagent. The test is carried 
out as follows. 

A few drops of the substance are added to about 3 or 4 c.c. of 
Schiff’s reagent. The development of a pink or red coloration 
within 2 minutes indicates an aldehyde. If the substance is soHd, 
it is powdered and a few mg. are added to Schiff’s solution {Note A). 

A positive test must be supplemented by examination of the 
behaviour towards sodium bisulphite solution (p. 125) and Fehhng’s 
solution and ammoniacal silver nitrate. Most aldehydes reduce 
ammoniacal silver nitrate or hot Fehling's solution. 

The presence of a carbonyl group must be confirmed by prepar- 
ation of characteristic derivatives such as oxime, semicarbazone, 
phenylhydrazone, 2 : 4-dinitrophenyIhydrazone, azine, or similar 
t\q>e of compound (pp. 135-138). 

The acid derived from the aldehyde by oxidation with perman- 
ganate should be isolated and examined. 

If the aldehyde under examination is volatile and possesses a 
powierful and objectionable odour, it is probably a lower aliphatic 
aldehyde, and can he characterised most conveniently by its 
nArophenylhydrazone or its 2 : 4-dinitrophenylhydrazone. 

TVio. Q Trim £1 +.-? r* Q.lrlATTvrriAcs £i.t»a finfl-Tincrlv soTuhle in Water and have in 
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general pleasing odours. They can be characterised quite simply 
by their phenylhydrazones, semicarbazones, and azomethines 
(pp. 134r-138). 

Note (.4). — Schiff’s reagent must not be warmed, nor must alcohol be 
used as a solvent. 

5. Ketones, — In the absence of aldehydes, ketones may he detected 
by the formation of phenylhydrazones, or of dinitrophenylhydr- 
azones. Low-boiling ketones of the aliphatic series require the use 
of _ 2 ^-nitrophenylhydrazine or of 2 : 4-dinitrophenylhydrazine for 
the production of solid hydrazones. 

The aliphatic ketones containing the group CHg'CO- and also 
cyclic ketones dissolve in bisulphite solution with the evolution of 
heat to form bisulphite compounds (p. 125). 

Ketones may be further characterised by the preparation of oximes 
and semicarbazones. 

Note . — All reducing sugars will give a reaction with phenylhydrazine, but 
their physical properties and some of their reactions serve to distinguish 
them from other carbonyl compounds. 

6. OarboJiydrates . — Some indication of the presence of a sugar 
will have been obtained in the earlier tests, as charring with con- 
centrated sulphuric acid with the evolution of carbon monoxide, 
carbon dioxide, and sulphur dioxide ; and also by the behaviour on 
heating. Many natural glucosides give an intense coloration with 
concentrated sulphuric acid, although many other substances also 
give such colorations, e.g., triphenyl carbinol and similar compounds, 
benzilic acid. 

The following tests should be made. 

{a) Ascertain the action of Fehling’s solution on the original 
substance before and after hydrolysis with dilute hydrochloric acid. 

(d) The product of the action of phenylhydrazine should be isol- 
ated and its physical properties examined. When the original 
substance only reduces Fehling’s solution after hydrolysis with dilute 
acid, the action of phenylhydxazine on the hydrolysed sugar should 
be ascertained. 

(c) Determine the optical activity in aqueous solution. If a 
reducing sugar is present, the mutarotation should be determined. 
The effect of hydrolysis with dilute acid on the optical rotation should 
also be determined. 

(d) The sugar is characterised by its acetyl derivative prepared 
by acetylation in pyridine or by heating with acetic anhydride and 
sodium acetate. A suitable hydrazone or osazone should be pre- 
pared. When the results of hydrolysis indicate the presence of a 
glucoside or of a di- or poly-saccharide, the fission products should 
be separated and identified by the preparation of suitable derivatives. 

7. Alcohols . — ^The identification of the alcoholic hydroxyl group 
depends on the formation of esters by reaction with acid chlorides or 
anhydrides, and on the formation of alcoholates with metallic 
sodium. In addition, the nature of the alcohol, whether primary, 
secondary, or tertiary, must be ascertained. 
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The procedure to be followed is as follows. 

{a) A thin bright slice of sodium is added to the dry alcohol. 
Solution of the metal accompanied by the evolution of hydrogen 
indicates, in the absence of phenols and acids, an alcohol. This 
test is of value only when the substance is perfectly dry. It is 
essential to dry the compound before this test, by keeping it in 
contact vdth sohd potassium carbonate for some time. When the 
substance imder examination is a sohd, it should be dissolved in 
dry benzene or dry ether (dried over sodium) or some other non- 
hydroxj^hc solvent. 

(b) As many esters react with sodium, this test must be supple- 
mented by observations of the behaviour of the substance towards 
acid chlorides and anhydrides. 

1. Add to a small quantity of the alcohol, cooled in running water, 
about an equal volume of freshly distilled acetyl chloride. A 
vigorous reaction ensues with the evolution of hydrogen chloride, 
and on pouring into water the odour of an ester should be apparent 
if a simple monohydric alcohol of comparatively low molecular 
weight is present. The products of the reaction should be isolated 
and the physical properties ascertained. 

2. The test is repeated with acetic anhydride. There is a rise in 
temperature if an alcohol is present, and the reaction is completed by 
warming. On diluting with water, the odour of an ester may be 
apparent. The product formed should be isolated and its physical 
properties ascertained. 

When any doubt exists about the reaction of the substance with 
acid chlorides or anhydrides, the reaction should be repeated, using 
pyridine as a solvent (p. 79). 

If the ester formed in the. above tests is not sohd, attempts must 
be made to obtain a crystalline derivative by reaction with nitro- 
benzoyl chloride, or with phenylcarbimide, naphthylcarbimide, or 
xenylcarbimide. Some polyhydric alcohols give crystalline 
benzoates. 

(c) The Type of Alcohol . — Oxidation converts primary alcohols 
into aldehydes, secondary to ketones. This can be effected con- 
veniently by distilling gently with a dilute solution of potassium 
dichromate which has been acidified with sulphuric acid. The 
products should be isolated and characterised. 

Tertiary alcohols are best identified by the ease with which they 
are converted into chlorides by warming with concentrated hydro- 
chloric acid, and the subsequent behaviour of the chloride (see 
p. 84). 

{d) Determine the physical properties. 

(e) Unless the alcohol has been definitely identified in the fore- 
going tests, it should be examined further for the presence of ester 
or ether groupings, by submitting a portion to hydrolysis with 
caustic soda solution; and a second portion to the action of con- 
centrated hydroiodic acid. 

Esters . — ^The suspected ester is heated under refiux with about 
five times its bulk of 20% aqueous sodium or potassium hydroxide 
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until decomposition is complete. The time taken for hydrolysis is 
dependent on the nature of the ester. Thus while the alkyl esters 
of oxalic acid suffer partial hydrolysis even in cold water, the esters 
of the oriAo-substituted benzoic acids are very resistant. 

Note . — ^When the substance under examination is not odourless, some guide 
to the progress of the hydrolysis is afforded by the change in the intensity 
of the odour, or of its nature. When the alcohol is soluble in 20% aqueous 
alkali the disappearance of the ester layer is an indication that the hydrolysis 
is complete. 

The hydrolysed product is now examined for an alcohol or phenol 
and an acid. 

(a) The Isolation of the Alcohol or Phenol . — ^Alcohols volatile in 
steam are recovered by distilling. A portion of the distillate is 
tested by the iodoform reaction for the presence of such alcohols — 
ethyl, isopropyl, ^ec. -butyl, etc. — as give this test. The first few c.c. 
of the distillate, if homogeneous, are saturated with potassium 
carbonate, and if there is a separation into two layers, the upper 
layer is removed, dried over potassium carbonate, and characterised 
by the formation of a p-nitrobenzoate or 3 : 5-dinitrobenzoate. If 
the distillate is turbid owing to the presence of a sparingly soluble 
volatile alcohol, it is removed after saturating the distillate with 
salt or potassium carbonate. It should be thoroughly dried before 
determining the physical properties, as many of the aliphatic alcohols, 
sparingly soluble in water and of comparatively low molecular 
weight, form constant-boiling mixtures with water. 

2. High-boiling alcohols not volatile in steam may be removed by 
extraction with ether. 

3. If no positive results have been obtained in the previous tests, 
the hydrolysed solution should be examined for the presence of a 
phenol by saturating with carbon dioxide and extracting with ether. 
The ethereal extract is examined for phenols in the usual way. 

4. In the absence of any definite indications of the presence of 
an alcohol or phenol, tests for polyhydric alcohols may be deferred 
until the acid has been removed, if it is sparingly soluble in water, 
or until its type has been ascertained. 

(b) Identification of the Acid . — ^A portion of the alkaline solution 
free from monohydric alcohol or phenol is acidified with dilute 
hydrochloric acid. 

1. A precipitate or an oily suspension indicates the presence of an 
aromatic acid or of a sparingly soluble aliphatic acid. The acid is 
separated and identified. 

2. If no precipitate forms, a portion of the acidified solution is 
distilled and the distillate examined for organic acids volatile in 
steam. 

3. In the absence of any positive results in the previous tests, 

a portion of the acidified solution is extracted with ether, and the 
ethereal solution, after drying over anhydrous magnesium sulphate, 
is evaporated. ^ 
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4. Tests are finally applied for non-volatile acids soluble in water 
and not readily extracted from aqueous solution by ether. Some 
of the alkaline solution from the hydrolysis is acidified with acetic 
acid and tested for oxalic acid by the addition of a solution of calcium 
chloride. Another portion is carefully neutrahsed with hydro- 
chloric acid, and a solution of calcium chloride added to precipitate 
acids yielding sparingly calcium salts. If no precipitate forms even 
on boiling, the effect of adding barium chloride, cadmium chloride, 
or other suitable metal chlorides should be ascertained; attempt 
to precipitate the lead salt by the addition of lead acetate to some of 
the hydrolysed solution neutralised with nitric acid. If a precipitate 
is produced by these methods, it must be examined for the acid, and 
where possible the acid isolated from it. 

Some few acids are not readily precipitated from aqueous solution 
as sparingly soluble salts, nor are they readily extracted from aqueous 
acidified solutions by ether. Of these, lactic is the most important, 
and tests should be apphed for this acid. It is best isolated by 
acidifying, and then absorbing the solution in powdered plaster of 
paris. The mass so formed is broken up and extracted by ether in a 
Soxhlet. 

5. If the presence of an alcohol has not been detected in the 
previous tests, the presence of a polyhydric alcohol may be suspected. 
Indications of this will have been derived from a knowledge of the 
acid present, and the physical properties of the original ester. The 
polyhydric alcohol is isolated, after removing acids soluble in ether 
or sparingly soluble in water, by evaporating the neutralised solution 
to dryness under diminished pressure, and then extracting with 
ethyl acetate, Removal of the solvent leaves as residue the poly- 
hydric alcohol, which can be identified by its physical characteristics, 
and by the preparation of suitable derivatives. 

9. Acetals and Ethers. — (a) Acetals. Warm with dilute hydro- 
chloric acid, and test for the presence of aldehydes. If a positive 
indication is obtained, the alcohol and aldehyde should be character- 
ised by the preparation of suitable derivatives. 

(b) Ethers. The substance is refluxed with concentrated hydro- 
iodic acid and then distilled. Alkyl iodides will be obtained from 
ahphatic ethers and from alkyl aryl ethers. The identification of 
the products of fission and the physical properties of the original 
substance serve to identify the ether. The aryl alkyl ethers may, 
in addition, be characterised by the preparation of nitro- or bromo- 
substitution products. 

The true aromatic ethers, of which diphenyl ether is an example, 
are stable to hydroiodic acid, and must be dealt with under hydro- 
carbons. 

10. Hydrocarbons . — ^For the purpose of identification, the hydro- 
carbons may be divided into three broad groups — ^unsaturated hydro- 
carbpns, paraffins and saturated stable cychc hydrocarbons, and 
aromatic hydrocarbons. 

The results of the preliminary tests often permit a rough classifi- 
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cation. Thus benzene and manj^ of its homolognes and terpenes 
may be recognised by their odour, while many of the polycyclic 
aromatic hydrocarbons are characterised by their comparatively 
high melting point and sparing solubility. 

(a) Unsaturated hydrocarbons are tested for by 

1. Baeyer’s test (p. 4). 

2 . Decolorisation of bromine water or of a solution of bromine 
in carbon tetrachloride. (For exceptions see p. 26.) In addition, 
the behaviour towards ammoniacal cuprous chloride or silver 
nitrate should be ascertained in order to detect a grouj)ing -CiCH. 

Physical properties, such as boiling point, melting point, density, 
and refractive index, should be determined before characterising the 
hydrocarbon. The physical constants of the product of the addition 
of bromine should also be determined. 

The further characterisation of the simple olefines may be effected 
by conversion into alkyl bromides by the action of hydrogen bromide, 
or into alcohol by the action of sulphuric acid of suitable concentra- 
tion. Terpenes are usually characterised by the formation of hydro- 
chlorides, hydrobromides, nitrosyl chlorides, and similar compounds 
(see pp . 1 7-23 ) . When the identity of the unsaturated hydrocarbon is 
not established definitely by these tests it is advisable to ascertain 
the products of oxidation with permanganate, or if necessary with 
ozone or benzoyl hydrogen peroxide. Titration with bromine in 
carbon disulphide or carbon tetrachloride or catalytic hydrogen- 
ation is often useful in determining the number of unsaturated 
linkings. 

(b) Hydrocarbons of the benzene and naphthalene series will react 
with fuming sulphuric acid (15-20% SO 3 ) to yield sulphonic acids, 
and this is shown by the solution of the hydrocarbon in the acid. 

2. Nearly all hydrocarbons of this series yield nitro- compounds 
by reaction with nitric acid in presence of sulphuric acid, and the 
formation of such compounds serves also to characterise the hydro- 
carbon. 

3. Other derivatives which can serve to identify the hydrocarbon 
are sulphonyl chlorides and amides; in a few instances, picrates; 
and (where there is a side-chain) oxidation with alkaline perman- 
ganate or chromic acid will give a carboxylic acid (p. 34). 

(c) Polycyclic hydrocarbons, as anthracene, phenanthrene, and 
similar substances, are best characterised by their picrates, and by 
the products of oxidation (see pp. 60, 61). 

(d) Paraffins and Derivatives of cjcloHexane . — In the absence of 
reactions indicating any hydrocarbons of the foregoing groups, 
the presence of a paraffin or of a derivative of c^/cZohexane can be 
assumed. The identification of the hydrocarbon depends on its 
physical properties — ^boiling point, melting point, density, and 
refractive index. 

(b) Nitrogen Present, Halogen and Sulphur Absent. 

The following types of compounds are to be expected ; amines either 
free or as salts, ammonium salts, acids or esters containing nitro- 
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genous groups, amides, imides, nitriles, compounds containing nitro-, 
nitroso-, azo-, or azoxy-groups, nitrogenous heterocyclic com- 
pounds, oximes, semicarbazones, hydrazones, and similar com- 
pounds, azides, esters of nitric and nitrous acids. 

1. Amine Salts , — a salt is present, the addition of a cold solution 
of sodium hydroxide will result in — 

either (a) the separation of a base, sparingly soluble in water, 
resulting from a salt of an aromatic amine or of an ahphatic amine of 
comparatively high molecular weight. These two classes of amines 
are readily distinguished by their action to litmus and other reactions 
(pp. 259-260). 

or (b) there is no separation, but the amine is recognised by its 
odour and by its action on moist red litmus suspended above the 
solution. This indicates a salt of ammonia or of an aliphatic amine. 

(c) If there is no apparent liberation of a base, the alkaline solution 
should be extracted with ether. The physical properties of any 
material which may be extracted are compared with those of the 
original substance {Note A). 

The base liberated from the salt must be isolated and identified 
according to the procedure outlined later. 

Note (J.). — ^The salts of amino-esters yield the free ester on cautious 
treatment -with cold alkali. Subsequent extraction with ether may remove 
the free ester, but the success attending such an operation depends on the type 
of amino-ester, on the precautions taken to prevent hydrolysis of the ester, 
and also on the solubility of the ester. 

Amino -acids may also be present as salts of inorganic acids or combined 
with picric acid. Although the addition of alkali decomposes such salts, the 
amino -acid is not extracted from the alkaline solution. Aminophenols are 
similarly liberated from their salts by the addition of alkali, but are not ex- 
tracted from alkaline solution by ether. Such alkaline solutions darken on 
keeping. 

Quaternary ammonium salts give no base on treatment with aqueous alkali. 
They may be recognised by the formation of a strongly alkaline solution 
on treatment with moist silver oxide. From such a solution a tertiary amine 
can be obtained by distillation. 

2. Acidic Substances . — ^If there is no indication of the presence of 
an amine salt, the ready solubility in sodium hydroxide of a sub- 
stance sparingly soluble in water suggests the presence of an acidic 
substance. Solubility in alkali is, however, not only a property of 
nitro- and amino-carboxylic acids, but also of nitro- and nitroso- 
phenols, of primary and secondary nitro- compounds, of oximes, 
and of some amides and imides. 

Nitro- and nitroso-phenols can generaUy be distinguished by the 
development of highly coloured solutions in alkah. It should also 
be noted that some polynitro-aromatic compounds show a slow 
development of dark surface layers on the solid in contact with con- 
^ centrated alkali. 

in order to distinguish comparatively strong acids, it is advisable 
to examine the behaviour towards sodium bicarbonate solution. If 
this^test indicates the presence of a comparatively strong acid by the 
liberation of carbon dioxide in the cold, a titration against standard 
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alkali using phenolphthalein will often give useful information. 
This must be followed by a further examination to ascertain the 
nature of the other groups present, and also by the preparation of 
derivatives which are characteristic of these groups. 

3. Amines. — (a) Test for basicity. The presence of the lower 
aliphatic amines will have been indicated in the preliminary tests 
by their odour and their alkaline reaction towards litmus. This 
should be confirmed by showing that they neutralise hydrochloric 
acid, preferably by a rough micro-titration against standard acid 
using methyl-orange as indicator. 

With aromatic amines and some heterocjT-clic substances, which 
have no action on red litmus, the titration should be carried out 
using congo-red paper as an external indicator (compare Mulliken, 
The Identification of Pure Organic Com, pounds^ VoL 2, p. 9). 

When the original substance is insoluble in water, the solution of 
the compound in dilute acid or the precipitation of a salt is sufidcient 
indication of the presence of a base, provided that it is shown that 
the substance is recovered unchanged by the addition of an excess of 
dilute alkali. 

Note . — These tests give definite results only with definitely basic compounds. 
There are many amino -compounds as diphenylamine, its homologues and 
derivatives, nitranilines and similar compounds, the salts of which are ex- 
tensively hydrolysed in aqueous solution. It is necessary, therefore, to ascer- 
tain qualitatively the solubility of the substance in 5 -hydrochloric acid 
and in concentrated hydrochloric acid. In addition, an ethereal solution of 
the substance should be shaken with 2A^- and SAT -hydro chloric acid to deter- 
mine if any of the substance passes into the acid layer. 

It must be noted that solubility in concentrated hydrochloric acid alone is 
no indication of the presence of a base, for many compounds, e.g. anilides, 
amides, nitriles, can combine with hydrochloric acid under these conditions. 

(b) Action of Nitrous Acid. — The tests for basicity should be 
followed by an examination of the behaviour of the substance to- 
wards nitrous acid. 

The substance, dissolved or suspended in SN-hydro chloric acid — 
about 3 or 4 mol. proportions is usually sufficient — is cooled in ice- 
water and N-sodium nitrite solution added drop by drop till a very 
slight excess is present as shown by the starch iodide test. Even a 
moderate excess of nitrous acid must be avoided. 

The changes which may occur in the solution should be observed 
exactly. 

1. If the previous tests indicated an aliphatic amine, the evolution 
of a gas would afford reasonable confirmation. 

These indications should be followed up by the preparation of the 
toluenesulphonyl, benzenesulphonyl, or naphthalenesulphonyl deriv- 
ative, see pp. 262-267. Solubility of the derivative in aqueous alkali 
would confirm the identification of a primary amine. It could then 
be characterised by the preparation of other suitable derivatives, 
see pp. 263, 266, 272, also Tables XV, XVI, and XVII. 

Note . — ^The evolution of nitrogen must not be taken as evidence of the 
pr^ence of a primary aliphatic amine without other confirmatory evidepce, 
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since amides of the type R-CONHa give nitrogen by reaction- with nitrous 
acid. 

Aliphatic amino-acids also yield nitrogen under similar conditions. They 
can be recognised by their ability to form metal salts, some of which are 
characteristic, e.g., the copper salt. They also form acyl derivatives. In 
addition, they can be titrated normally against alkali in alcoholic solution 
using phenolphthalein. 

2. The formation of a turbidity or the separation of an oil or solid 
may be due to the formation of a nitrosamine resulting from a 
secondary amine. In these circumstances the solution is extracted 
with ether, the ethereal solution freed from all traces of nitrous 
by washing with alkali, and dried. A portion after evaporation of 
the solvent is submitted to the Liebermann test (see p. 327). A 
positive result should be confirmed by the preparation of the aryl- 
sulphonamide. 

If the Liebermann test is negative, the formation of the oil may be 
caused by the reaction of the nitrons acid with phenylhydrazine or 
its nuclear- substituted derivatives. This can be corifirmed by the 
determination of the behaviour of the original substance towards 
carbonyl groups and by the action of mild oxidising reagents. 

3. The formation of a red or brownish solution, often accompanied 
by the separation of a crystalline solid, indicates the formation of 
a _pam-nitroso-compound from a tertiary aromatic amine with a free 
pam position. This can be readily confirmed by the isolation of the 
green or blue free nitroso-base by the cautious addition of cold 
dilute alkali. 

Such tertiary amines can be characterised by the formation of a 
picrate, or a quaternary ammonium salt by the action of methyl 
iodide, as well as by the p-nitroso- compound when this is sohd. 

4. In the absence of any obvious reaction, a portion of the solution 
treated with nitrous acid is poured into a solution of [a) |B-naphthol 
in dilute alkah, (6) an alkaline solution of P salt. 

The formation of a highly coloured precipitate from (a) and a highly 
coloured solution from (b) indicates the presence of a diazotisable 
primary amine. 

The presence of a primary amine should be confirmed by the 
preparation of an arylsulphonyl derivative yielding an alkah salt. 
The identification of the amine can be completed by a determin- 
ation of its physical constants and by the preparation of other suit- 
able derivatives. 

5. Tertiary amines, except aromatic ones containing a free para 
position, are indifferent to nitrous acid under the conditions pre- 
scribed. They can be recovered unchanged. The presence of a 
tertiary amine cannot, however, be considered to have been proved 
until the basic properties of the substance have been fully established 
by the preparation of salts ; until it has been shown to be indifferent 

^ to acyl chlorides and anhydrides : that it reacts with methyl iodide 
to yield quaternary ammonium salts. 

6. 'Unless the identification of the amine has been established 
defipitely by its reactions and physical constants and by its deriv- 

E E 
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atives, the examination should be continued for groups other than 
those already tested for : such groups are amide, nitrile, ester, 
carbonyl, nitro and other reducible groups. 

Note . — ^The aromatic amines containing one nitro-group in the nucleus 
are coloured yellow, orange, or red, and form salts which are colourless when 
not hydrolysed. After establishing the presence of an amino-group, the nitro- 
group can be tested for by reduction and subsequent diazotisation. When the 
original substance contains a primary amino -group, it should be aeetylated 
and reduced in boiling alcoholic solution with zinc dust before further treat- 
ment with nitrous acid. 

The di- and tri-nitroamino -compounds do not diazotise regularly under the 
usual conditions. They are best recognised by their behaviour towards hot 
alkaline solutions. 

Aminoazo-compounds aro also highly coloured, but they form coloured 
salts. They are recognised by yielding a mixture of amines on reduction. 

4. Amides, Nitriles, and other Hydrolysable Substances. — (a) 
Alkaline hydrolysis. The substance is heated under reflux with 
6N-sodium hydroxide solution. The solution is subsequently 
examined for ammonia or volatile amines by distillation, and also 
for alcohols resulting from the hydrolysis of amide esters. The 
alkahne residue is examined for the organic acid (see p. 412). 

When thus hydrolysed, simple amides and nitriles are converted 
into the sodium salt of the corresponding acid with the liberation of 
ammonia. Alkyl-substituted amides behave similarly. 

Note. — 0- and p-Nitrophonyl alkyl ethers are hydrolysed more or less 
rapidly by aqueous alkali to nitrophenols. 

(b) Acid hydrolysis. A number of amides, particularly those 
derived from the arylamines, are only slowly decomposed by aqueous 
alkali. They are more susceptible to acid hydrotysis. Consequently 
if alkaline hydrolysis gives negative results, the behaviour towards 
hot 20% hydrochloric acid, concentrated hydrochloric acid, 
approximately 30% sulphuric acid, or concentrated sulphuric acid 
should be ascertained. Preliminary experiments should be made in 
test tubes before deciding on the most suitable concentration of 
acid. The hydrolysis is completed by warming under reflux. 

1. A portion of the solution is warmed with Fehling’s solution. 
Reduction indicates the presence of an oxime, semicarhazone, 
hydrazone, or some similar compound. The ketone or aldehyde 
resulting from the hydrolysis should be isolated and characterised. 

2. A second portion of the solution is made alkaline. The liber- 
ation of an amine indicates a W-substituted amide ; identification of 
the anodne and of the acid from the hydrolysis establishes the identity 
of the amide, which should be confirmed by determining the physical 
constants of the original substance. 

The liberation of ammonia indicates a nitrile stable to alkaline 
hydrolysis, and here also the acid must he isolated and identified. 

A"oie.“AryIhydxazines sparingly soluble in water will also be set fpee on 
the addition of alkali, but an indication of their presence will have been 
obtained in the earlier tests. ^ 
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Nitrous esters and nitrosamines will yield nitrous fumes on treatment 
with acids, but of these the ixitrous esters will have been detected earlier. 

5. Nitro-compounds, Azo-compounds, and Substances Indifferent 
to Alkali and Acid , — ^The substance is reduced by tin and acid. 

About 0*5 — 2 g. of tbe substance is added to about three times its 
weight of tin ; 5 — 10 times its weight of hydrochloric acid is then 
added gradually. The reaction is completed by warming. An 
excess of alkali is added till the precipitated hydrated tin oxide is 
dissolved, and after cooling, extract with ether. The ethereal 
solution is evaporated and tested for a diazotisable amine. An 
aromatic primary amine results from a nitro-, azo-, azoxy- compound, 
or an arylhydroxylamine. 

The physical properties of the substance, together with such 
additional reactions as they may suggest, will usually enable a 
decision to be made as to the type of compound present. 

(c) Halogen Present, Nitrogen and Sulphur Absent, 

The more common types of compounds likely to be present are 
the halogen-substituted hydrocarbons, ethers, alcohols, aldehydes, 
ketones, phenols, acids, and their derivatives. 

The preliminary observations may afford valuable clues. Thus 
lachrymatory odours are associated with some of the halogen ketones, 
benzyl halides and their homologues, and with many aroyl halides. 
Many of the halogen-substituted hydrocarbons have odours which 
are readily recognised. Solubility in water usually indicates a 
substance of comparatively low molecular weight containing — CO 2 H, 
-OH, -CHO groups. An acid reaction in water does not necessarily 
imply the presence of an acid. It may be due to the partial hydro- 
lysis of an acid chloride, or an ester, or to an unstable halogen- substi- 
tuted compound, or to a halogen phenol. 

A vigorous reaction with water resulting in the liberation of halo- 
gen hydride indicates a fatty acyl halide. Such an observation 
should be followed up by identifying the products formed, and by 
observing the reaction towards alcohols and aniline, and isolating 
the resulting products. The reaction with aniline can be carried out 
in benzene or ether solution, when a precipitate of aniline hydro- 
chloride will be formed. The benzene solution after the removal of 
excess of aniline will give an anilide. 

1. Action of Aqueous Solutions of (a) Sodium Bicarbonate, (b) 
Sodium Carbonate, (c) Sodium Hydroxide , — ^A distinction can be 
made between neutral and acidic substances by the action of cold 
sodium bicarbonate solution. Among the classes of substances 
which decompose bicarbonates and carbonates are acids, halogen- 
substituted phenols, and those substances which suffer hydrolysis 
in water. 

The presence of an acid can only be considered to be established 
wheil it is shown to be recovered unchanged from its sodium salt, 
and subsequently convertible into an acid chloride, aimde, or ester. 
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The halogen-substituted phenols are precipitated unchanged from 
their sodium salts, and can be recognised by the formation of acyl 
derivatives. Many also give nitro- and hr omo- substituted products. 

The effect of heating with 5A-sodium hAT-droxide under reflux 
should always be determined. A portion of the hot solution should 
be removed at intervals, acidified with dilute nitric acid, and tested 
for halidion. The absence of any positive result, even after pro- 
longed heating, indicates that the halogen is substituted in an 
aromatic nucleus. Aliphatic halogen compounds and those aromatic 
compounds containing halogen in a side- chain give rise to sodium 
halide on heating v/ith sodium hydroxide. 

Whether or not there has been any formation of sodium halide, 
the product should always be examined for {a) alcohols resulting 
from the hydrolysis of esters or of some monohalogen compounds 
or from the action of the alkali on some aromatic aldehydes resulting 
from the hydrolysis of substances of the type Ar-CHCU ; {b) acids 
from the -CClg group, or from esters, or from the Cannizzarro change 
of some aromatic aldehydes ; (c) unsaturated compounds from the 
elimination of the elements of halogen hydride. 

The original substance should also be examined for alcohohc 
hydroxyl groups and for carbonyl groups by the usual methods. 
If positive results are obtained, they must be confirmed by the 
preparation of appropriate derivatives. 

2. In the absence of any characteristic groups except halogen, 
the characterisation of the compound depends on the results of the 
previous tests. With aromatic halogen-substituted hydrocarbons, 
nitration, sulphonation, or further substitution of halogen are the 
usual methods of supplementing the information derived from the 
reactions and physical constants. Alkyl halides may be character- 
ised by the replacement of the halogen b 3 ^ suitable groupings such 
as hydroxyl, arylamino, etc. With polyhalogon aliphatic com- 
pounds the procedure depends on the results of the treatment with 
alkali. 


(d) Nitrogen and Halogen Present, Sulphur Absent. 

The more common types of substances to be expected are salts 
of amines and amino-esters, halogen-substituted amines, amides, 
nitriles, nitro- and azo-compounds, acids and esters, phenols, alde- 
hydes and ketones containing nitro- and halogen groups, nitro- 
substituted acid halides, as well as oximes, hydrazones, semi- 
carbazones of halogen- substituted ketones and aldehydes. 

The substance is submitted to the tests outlined in section (b) for 
(a) amine salts, (6) acidic substances, (c) amines, {d) substances 
hydrolysed by alkali, (e) substances hydrolysed by acid, (/) neutral 
substances reducible to primary amines. In addition, carbonyl, 
alcoholic hydroxyl, and ether groups must be tested for. 

Notes {A ), — Tlie salts may be halogen hydride salts of nnsubst^tuted 
amines, or they may be derived from halogen-substituted amines. The amine 
should be isolated, and tested for halogen before determining its class. The 
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acidic component should also be identified whenever possible by isolating it 
according to the scheme outlined on p. 412. 

{B ). — ^Although the monohalogen-substituted aromatic amines are basic 
enough to form salts with aqueous hydrochloric acid, the basic properties are 
very considerably reduced by the presence of more than one halogen in the 
nucleus. The polyhalogen-substituted primary aromatic amines diazotise only 
under special conditions (see p. 283). 

(C). — The substances hydrolysed by hot alkali include not only amides 
and nitriles, esters of amino- and nitro-substituted acids, but also the chlorides 
of nitro- and acylamino-acids. Many nitro-halogen-substituted aromatic com- 
pounds are also attacked by alkali with the formation of nitrophenols (see 
p. 54). 


(e) Sulphur Present, Nitrogen and Halogen Absent. 

The following types of compounds may be expected — ^mercaptans, 
thio-ethers, disulphides, thio-aclds, sulphonie acids and sulphinic 
acids and their esters, sulphones, sulphoxides, the bisulphite com- 
pounds of aldehydes and ketones, alkyl-sulphites and -sulphates. 

The odours of many thic-ethers and some thio-acids and most 
mercaptans are objectionable and persistent, and consequently the 
presence of these compounds cannot easily be overlooked. 

1. When an inorganic residue is left on ignition, the examination 
is restricted to substances yielding salts, as acids, bisulphite com- 
pounds, or mercaptans. 

In these circumstances the substance is acidified with hydrochloric 
acid. 

{a) The evolution of sulphur dioxide in the cold indicates a bi- 
sulphite compound. The aldehyde or ketone is hberated by warm- 
ing with sodium carbonate solution or dilute hydrochloric acid, and 
identified by the usual methods. 

(6) Some thio-acids hherate hydrogen sulphide, 

(c) The liberation of mercaptan may arise from the salt of a mer- 
‘captan or from a salt of thiosulphuric esters of the ty^e 

NaO'SOg-SAlk. 

{d) The formation of sulphuric acid on warming, as shown by the 
gradual development of a precipitate of barium sulphate on adding 
a solution of barium chloride, indicates that the salt of an alkjd 
hydrogen sulphate is present. The alcohol should he liberated by 
distillation mth dilute hydrochloric acid and identified. 

(e) If there is no development of sulphuric acid or the liberation 
of a volatile compound, a salt of sulphonie acid or a thiosubstituted 
acid is indicated. 

2. If the substance is not a salt, it is classified either as (a) neutral 
or (6) acidic by its reactions towards cold dilute solutions of sodium 
carbonate and^ sodium hydroxide. 

(a) Acidic substances include sulphonie acids, thio-acids, and 
mercaptans. 

Tlie unsuhstituted mercaptans and thiophenols of not too high 
moiecular weight are distinguished by the ready formation of 
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disulphide by the action of ferric chloride or iodine, £ind in the ali- 
phatio series, by the behaviour towards mercuric chloride solution 
(see pp. 106, 107). 

Sulphonic acids and thio-acids are strongly acidic substances. 
Thio-acids of the type R‘CO*SH react readily with aniline to liberate 
hydrogen sulphide and to give an acyl anilide. Thio-acids such as 
thioglycoUic acid and thiosalicylic acid are easily oxidised by ferric 
chloride to the corresponding disulphide. They also react with 
aldehydes to give crystalline condensation products (see p. 108). 
The sulphonic acids are stable, and usually readily soluble in water. 
By reaction with phosphorus pentachloride they are converted into 
the corresponding chlorides, and can be characterised either as 
chlorides or as amides. 

(b) Neutral substances, (a) Heat the substance under reflux 
with bZv^-sodium hydroxide, and examine the product for alcohols 
from the esters of sulphonic acids, sulphates, sulphites, etc. The 
acid should also be identified. 

Note. — (1) Phenyl esters of sulphonic acids may also be present, so the 
solution should be exanained for a phenol by saturating with carbon dioxide 
and extracting with ether. 

(2) Although most alkyl sulphates and sulphites are hydrolysed by alkali, 
di-n-propyl sulphate appears to be hydrolysed comparatively slowly. 

(6) The simple sulphones, sulphoxides, and sulphides are in- 
different to alkali. The sulphides are distinguished by the form- 
ation of additive compounds with mercuric chloride and with salts 
of other heavy metals. They also yield sulphoxides and sulphones 
on oxidation (see pp. 114, 115, 123). 

In the absence of sulphides, a portion of the substance is reduced 
with zinc in acetic acid solution. The formation of a sulphide 
indicates a sulphoxide. This can be confirmed by oxidation to the 
sulphone, and in the aliphatic series by the formation of a soluble 
^^salt with nitric acid. The sulphones are in general stable to oxid- 
ation and reduction. 

(f) Halogen and Sulphur Present, Nitrogen Absent. 

The more common classes of compounds are halogen-substituted 
sulphonic acids, sulphonyl chlorides and bromides, halogen-sub- 
stituted thiophenols and siffphides, bisulphite compounds of halogen- 
substituted aldehydes and ketones, sulphonium halides. 

1. When a metal has been found, the substance is examined 
for the salts of chloro-, bromo-, or iodo-substituted sulphonic acids, 
and thiophenols, and for bisulphite compounds of halogen-sub- 
stituted aldehydes and ketones. 

2. If the substance contains no metal, it is tested for a sulphonium 
salt with silver nitrate and moist silver oxide. If this gives no 
definite result, the substance is classified either as acidic or neutral. 

The neutral substances are submitted to alkaline hydrolysis. 
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Sulphonyl halides give under these conditions the salt of the corre- 
sponding acid and the alkali halide. The presence of a sulphonyl 
halide can be confirmed by the preparation of suitable amides. 

In the absence of sulphonyl hahde, the product is examined for 
esters. The examination for sulphides, sulphoxides, and sulphones 
proceeds as indicated previously. 

A^oie.— The presenoe of thiophosgene — a red liquid with a suffocating odour 
and fuming in moist air — ^will be obvious from the preliminary observations. 
This can be confirmed by boiling under reflux with water, when it decomposes 
into hydrogen sulphide, hydrochloric acid, and carbon dioxide. It also reacts 
with an excess of primary amine to yield a substituted thiourea. 


(g) Sulphur and Nitrogen Present, Halogen Absent, 

The more common types of compounds likely to be met with are 
sulphates of amines ; nitro-, amino-, and azo-sulphonic acids and 
their salts ; sulphon- amides and -anilides ; thioamides ; nitro- and 
amino-sulphides and thiophenols; ^aothiocyanates ; hydrazones of 
sulphonated aldehydes and ketones and derivatives of hydrazine and 
substituted hydrazine sulphonic acids . 

The preliminary observations should afford some indication of the 
presence of the volatile mustard oils, or of the highly coloured azo- 
dyestuffs. 

1. The substance is treated with cold sodium hydroxide solution. 
The separation of an amine indicates the presence of a salt, both 
components of which should be identified and characterised. 

If there is no separation of an amine, solubility in dilute alkali 
of a substance insoluble in water may be due to (a) a sulphonamide 
containing the grouping {b) thiocarhamides of the tvpe 

-NH-CS-NH-, (c) acids. 

Acids should be tested for by their reaction toward sodium car- 
bonate and sodium bicarbonate, and if an acid is found, the nature 
of the other groupings present should he ascertained. 

2. Boil a portion of the substance with aqueous alkali. 

Thioamides and sulphonamides derived from ahphatic amines are 

decomposed more or less slowly with the evolution of the amine or 
ammonia. This should be confirmed by heating a further amount 
of the substance with aniline, when the amine is displaced by anilme 
to give the corresponding anilide. 

The product of the action of alkali on the original substance should 
also he examined for the presence of alcohols and phenols derived 
from the hydrolysis of esters. 

3. A portion of the substance is boiled with dilute hydrochloric 
acid. Hydrazones and similar compounds are hydrolysed with the 
regeneration of their components. 

4. Heat with mercuric oxide suspended in aqueous alcohol. 
Thiocarbanilide and similar compounds are desulphurised with the 
formation of the corresponding carbanihdes and mercmlc sulpMde. 
Mustard oils give the corresponding urea. If a mustard oil is 
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suspected, it can be characterised by the formation ol a thiocarh- 
amide by reaction with aniline. It should also be hydrolysed by 
hydrochloric acid to an amine and hydrogen sulphide. 

5, If the substance does not decompose bicarbonate solution; does 
not respond to treatment with mercuric oxide ; and is not hydrolysed 
by aqueous alkali or acid, it is probably a sulphonyl derivative of an 
aromatic amine. These compounds are hydrolysed by heating in a 
sealed tube mth hydrochloric acid at about 130° or with moder- 
ately concentrated sulphuric acid. 

Jfo{e.--Saccharin behaves as an acid, decomposing sodium bicarbonate 
solution. 

(li) Etroien, Edo§m, ani Sulphur Prmnt. 

The types of compounds most likely to be encountered are 
sulphates of halogen-substituted amines; sulphonyl derivatives of 
halogen-substituted amines; nitrosulphoiiyl derivatives of chloro- 
amines or halogen-sulphonyl derivatives of amines; nitrosulphonyl 
halides. 

The substance is treated according to the scheme outlined in the 
previous section. 
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AcenaphtJiene, oxidation, 60 
picrate, 60 
substitution in, 64 
Acenaphthenequinone, reaction with 
bisulphite, 188 
Acetals, formation, 164^ 155 
enol ethers from, 156 
hydrolysis, 109, 413 
Acetaldehyde, formation — 
from ethyl alcohol, 86 
from paraldehyde, 141 
acetylation, 155 
condensation to aldol, 139 
with formaldehyde, 151 
with malonic acid, 147, 148 
with malonic ester, 149 
oxidation, 158 
polymerisation, 163 
reaction with ammonia, 133 
with aniline, 135 
with o-phenylenediamine, 291 
with p-benzoquinone, 186 
Acetaldehyde ainmonia, formation, 
133 

Acetamide, formation, 197 
halogenation, 222 
reaction with hypobromite, 225 
Acetanilide, formation, 262 
alkylation, 226 
chlorination, 223, 292 
iodination, 293 
nitration, 289 

reaction with nitrous fumes, 221 
with phosphorus halides, 225 
Acetic acid, bromination, 209 
use in acetylation, 197, 262 
reaction with olefes, 11 
sodium salt, electrolysis, 204 
Aceticacid, ethylester, condensation — 
to acetoacetic ester, 237 
to acetoin; 242 
with acetone, 240 
3jdth benzaldehyde, 148 , 149 
with methyl ethyl ketone, 240 
% with oxalic ester, 239 


Acetic anhydride, hydrolysis, 230 
reaction with p-benzoquinone, 184 
with diazotates, 352 
use in acetylation, 78, 264, 265 
u4ceifoaceiice5^er,formatioji, 237 
acylation, 104, 105 
alkylation, 103, 104, 385 
formation of C-all^d derivatives, 
103, 104, 237, 385 
hydrolytic fission, 217, 218, 237 
reaction with ajS-unsaturated esters 
and ketones, 27 

separation of enol and keto forms, 
157 

Acetobrornamide, preparation, 222 
Acetochloramide, preparation, 222 
Acetochloroanilide, preparation, 223 
Acetoin, formation, 242 
Acetonaphtkalide, reaction with ni- 
trous fumes, 221 
Acetone, alkylation, 165 
formation of diacetone alcohol 
from, 143 

of mesityl oxide from, 143 
condensation with benzaldehyde, 
141 

with butaldehyde, 140 
with formaldehyde, 151 
with o-nitrobenzaldehyde, 141 
with c 2 /cZopentadiene, 150 
reaction with diazomethane, 165 
with Grignard reagent, 151 
reduction, 128 

Acetone cyanohydrin, formation, 126 
Acetone diethyl acetal, formation, 
154 

Acetone diethyl mercaptal, oxidation, 
115 

Acetonitrile, formation of iminoether 
from, 252 

reaction with Grignard reagent, 253 
Acetonyl acetone, reaction with am- 
monia and amines, 171 
with phosphorus pentasulphide, 
171 
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Aoetonyl phthalimide, formation, 227 
Acetophenone, formation, 50 
alkylation, 165 

condensation with benzaldehydo, 
U1 

with esters, 241, 242 
with c 2 /cZ 6 »pentadiene, 150 
with resorcylaldehyde, 142 
to d 5 rpnon 0 and triphenylbenz- 
ene, 144 

reaction with ammonium poly- 
sulphides, 166 

reduction to ethylbenzene, 132, 133 
Acetophenone aniail, 135 
Aceto-o-toluidide, nitration, 289 
Aceto-p-toluidide, nitration, 289 
Acetyl acetone, formation, 240 
alkylation, 104 

condensation with phenols, 170 
enolisation, 157 

reaction with hydroxylamine, 170 
with phenylhydrazine, 170 
separation of keto and enol forms, 

157 

Acetyl henzoyl peroxide, formation, 

158 

Acetyl chloride, use in acetylation, 
79, 198 

Acetyl fluoride, formation, 229 
Acetyl peroxide, formation, 232 
Acetylation. Bee under Acetic acid, 
Acetic anhydride, and Acetyl 
chloride. 

Acetylene, reaction with diazomethane, 
368 

with mercuric salts, 32 
Acetylenes, See Hydrocarbons, 
acetylenic. 

Acids, carboxylic, general methods of 
formation — 
from alcohols, 88, 89 
from aldehydes, 158, 159 
from amides, 219, 220, 251 
from esters by hydrolysis, 233 — 
235 

from hydrocarbons by oxidation, 
2, 33, 34 

from nitriles, 249 — 251 
general reactions, 193 — 208 
Acids, carboxylic, amino-, esters, 
hydrolysis, 233 

reaction with nitrous acid, 282 — 
283 

Acids, carboxylic, aromatic, form- 
ation — 

by Friedel— Crafts reaction, 52 
by oxidation of homologues of 
benzene, 33, 34 
from sulpbonic acids, 398 
substitution in the nucleus, 211, 
212 


Acids, carboxylic, formation- 

from a-hydroxy-acids, 214, 215 
from a-keto acids, 216 
from jS-keto acids, 217 
by malonic acid synthesis, 205 
by oxidation of the paraffins, 2 
estimation, 210 

Acids, carboxylic, a-hydroxy-, form- 
ation — 

from a-halogen fatty acids, 370 
esterification, SI, 82 
reactions, 213 — 215 
Acids, carboxylic, fl-hydroxy-, formation 
of esters by Beformatski’s 
reaction, 153 
reactions, 215 

Acids, carboxylic, y-1iydroxy-, reactions, 
215 

Acids, carboxylic, adccto-, formation — 
from a-hydroxy-acids, 214 
from acyl nitriles, 250 
reactions, 216, 217 

Acids, carboxylic, fl-Iceto-, formation 
of esters of, 103, 104, 237, 
385 

Acids, carboxylic, fl-heto-, esters, alkyl- 
ation, 103, 104, 385 
hydrolytic fission, 217, 218 
Acids, carboxylic, phenolic, formation, 
100, 101 

reactions, 215, 216 

Acids, carboxylic, , 

formation — 

from j8 -hydroxy -acids, 215 
isomerisation, 29, 30 
reaction, with amines, 27, 28 

with benzenesulphinic acids, 23, 
400 

with phonylhydrazine, 28 
with hydroxylamine, 28 
mercaptans, 23 

Acids, carboxylic, afl -unsaturated, 

esters, reaction with Grignard 
reagent, 244 

with hydrogen cyanide, 27 
with malonic esters, cyanacetic 
esters, and ^-keto esters, 27 
Acids, aulphinic, formation — 
by diazo reaction, 349, 350 
from sulphonyl chlorides, 394 
general reactions, 399 — 401 
reaction with quinones, 185 
with unsaturated acids, 23, 400 
Acids, sulphonic, formation — 
from sulphinic acids, 400, 401 
by sulphonation, 40 — 42, 62, 64 
from thiols, 108 
reactions, 393 — 399 
Acid anhydrides, formation, ,^195, 
196 

seneral reactions, 230, 231 
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Acid anhydride, reaction with amines, 
198, 264, 265 

with hydroxy-compounds, 78, 79 
use in Friedei-Crafts reaction, 50, 
51 

Acid hromides, formation, 228 
Acid chlorides, formation, 194, 195 
general reactions, 228 — 230 
reaction with primary and second- 
ary amines, and ammonia, 
198, 262—265 

with tertiary amines, 265, 266 
with diazotates, 352 
with enols, 104, 105 
with sodium derivatives of 
acetylenes, 31 

with unsaturated hydrocarbons, 
24, 52 

use in acetylation, 79, 80, 198, 262 — 
264 

in fission of ethers, 112 
in Friedei-Crafts reactions, 48 — 
60 

Acid fluorides, formation, 228 — 230 
Acid iodides, formation, 228 
Acrylic acid, formation, 369 
Acyl cyanides, formation, 229 
hydrolysis to keto -acids, 250 
Acyloins, formation — 

from aromatic aldehydes, 161, 
162 

from esters of fatty acids, 242 
Adipic acid, formation, 2 

conversion into cyc?opentanone, 
202, 203 

polymerisation, 196 
Adipic acid, ethyl ester, internal 
condensation, 238 
Alcohols, formation— 

from al^l halides, 369, 3 7^? 
from aliphatic amines, 281 
from amides by reduction, 247, 
248 

from caz’bonyl compounds, 127 — 
131 

from esters by reduction, 247, 
248 

by Grignard reaction, 151, 152, 
243, 244 

from halogen compounds, 369, 
370 

from olefins, 9 — 11 
esterification, 81 — 83, 200, 201 
oxidation, 86 — 89 
conversion into ethers, 76, 77 
into olefiins, 89 — 92 
reaction with diazonium salts, 336, 
337 

u-se as alkylating agents, 53,16,77 
Alcoholysis of esters, 236 
^ of nitriles, 251 


Aldehydes, formation — 
from acyl halides, 246 
from acids, 202, 244 — 247 
from alcohols, 86 — 88 
from anilides, 246, 247 
from a-hydroxy-aeids, 213, 214 
from a-keto-acids, 217 
from nitriles, 253 
general reactions, 125 — 164 
reaction with primary amines, 134, 
135 

with 1 : 2-diamines, 296, 297 
Aldehydes, aromatic, formation — 

by Friedei-Crafts reaction, 51, 52 
by oxidation of homologues of 
benzene, 35 

aeyloin condensation, 161, 162 
oxidation, 158, 159 
Aldehydes, hydroxy general reactions, 
172—174 

Aldehydes, phenolic, formation — 
from phenols, 97 — 100 
from phenolic acids, 245 
Aldehydines, formation, 296, 297 
Aldol, formation, 139 
dehydration, 173 

Alkali metals, addition to olefins, 24 
Alkoxides, formation, 69 — 71 
Alkyl bromides. Alkyl chlorides. Alkyl 
iodides. See Alkyl halides. 
Alkyl fluorides, formation, 380 
Alkyl halides, formation — 
from alcohols, 83 — 85 
from alkylamine salts, 274 
from olefins, 17, 18 
hydrolysis, 369, 370 
isomerisation, 388, 389 
reaction with ammonia, 371 

with amides and anilides, 226, 
227, 268, 269 

with amines, 267, 268, 269 
with cyanides, 38 J, 352 . 
with magnesium, 373, 374, 375 
with salts of organic acids, 201, 
202, 382, 383 

with silver nitrite, 383, 3S4 
with sodium, .378, 379 
with sodium derivatives of 
acetylene, 31 
with sodium iodide, 381 
with zinc, 375, 376 
reduction, 367, 368 
Alkylation of acetoacetie ester, 103, 
104, 385 

of amides and anilides, 226 — 228, 
268, 269 

of amines, 267—271, 371, 372 
of ammonia, 371 
of azomethines, 271 
of diazotates, 352 
of enols, 103, 104 
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*^Alkylation of hydroxy-compounds, 
72—77 

of ketones, 16o 
of malonic ester, 384, 385 
of nitramines, 324 
of snlphinites, 400 
of thiol compounds, 106 
Alkylation using alcohols, 53, 76, 77, 
270 

using alkvl halides, 72, 73, 103, 
104, 178, 226, 227, 267, 268, 

269, 271, 272, 324, 371, 385 
using alkyl hydrogen sulphates, 

76 

using dialkyl sulphates, 75, 76, 
106, 178, 270 

using diazomethane, 76, 164, 165 
using olefins, 24 

using toluenesulphonic esters, 106, 

270, 272 

Alkylation, nuclear, of aromatic 
amines, 24, 274 

of aromatic hydrocarbons, 24, 
46—48, 53 

of phenols, 24, 74, 75 
'li^-Allc'^JoTmanilides, preparation, 269 
Alkyl naphthalenes, formation, 62 
Ally I alcohol, formation, 282 
Allyl benzene, isomerisation, 29 
Allyl bromide, addition of hydrogen 
bromide to, 18 
reaction with phenol, 73, 74 
with tertiary amines, 273 
Allyl chloride, reaction with sulphur 
monochloride, -24 
Allyl phenyl ether, formation, 73 
isomerisation, 29 

Alumina^ preparation for catalytic 
dehydration, 91 

Aluminium alhoxides, preparation, 71 
use in the reduction of carbonyl 
compounds, 129, 130 
in the dismutation of aldehydes, 
161 

Aluminium chloride, addition com> 
pounds with ethers, 113 
use in dealkylation of homologues 
of benzene, 47 
of aryl alkyl ethers, 111 
dehydrogenation of C 2 /c?ohexane 
and its homologues, 3 
fission of azo -compounds, 360 
Friedel— Crafts reaction, 46 — 52 
halogenation of aromatic hydro- 
carbons, 43 

reaction of quinones with aromatic 
hydrocarbons, 185 
Amides, formation — 
from acids, 197 
from acid anhydrides, 198 
from acyl halides. 198 


Amides, formation — r 
from esters, 199 
by Friedel-Crafts reaction, 52 
from nitriles, 249, 250, 258 
general reactions, 219 — 228 
reaction with Grignard reagent, 244 
Amines, formation — 

from alkyl halides, 371, 372 
from amides, 223, 224, 225, 249 
from halogen compounds, 227, 
372 

from hydroxy-compounds, 85, 86 
from nitriles, 251, 252 
from nitro -compounds, 313 — 318 
general reactions, 259 — 302 
Amines, aliphatic, primary, reaction 
with nitrous acid, 2S1 — 283 
Amines, aromatic, primary, form- 
ation — 

from azo- and hydrazo-com- 
poimds, 360 

from hydroxylamine hydrochlor- 
ide, 53 

from nitro-eompounds, 313 — 318 
from phenols, — 86 

from sulphonic acids, 398 
condensation with carbonyl com- 
pounds, 134 , 135 
with niti’oso -compounds, 326 
reaction with quinones, 185 
reduction, 7 

Amines, cyclic, formation from ali- 
phatic diamines, 290, 300 
opening of the ring, 276, 277, 301, 
302 

Amines, secondary, formation from 
primary amines, 268 — 272 
from nitrosamines, 327, 328 
from tertiary amines, 274, 275, 
276 

reaction with nitrous acid, 285, 286 
Amines, tertiary, characterisation of, 
272 273 

oxidation, 277,278 
reaction with alkyl halides, 272—274 
with nitrous acid, 287 
with tetranitromethane, 275, 291 
Amine oxides, formation, 277, 278 
a-Aminoacetic acid, ethyl ester, re- 
action with nitrous acid, 282 
a-Aminoacetonitrile, reaction with 
nitrous acid, 283 

p-Aminoanthraquinone, formation, 398 
Aminoantipyrine, diazotisation, 285 
Aminoazo -compounds, formation, 354 
Aminooyolohutane, reaction with 
nitrous acid, 282 

P-Aminohutyric acid, formation, 27 
a-Aminocaproic acid, formation, ^73 
5-Amino-Z : 5-dimethylisooxazole, di- 

f>o^ 
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AminogymnidiT^et reaction with car- 
bonyl compounds, 137 
Aminomethane disulphonic acid^ re- 
action with nitrous acid, 283 
o- and -p-Aminophenols, diazotis- 
ation, 285 

Aminocyclopropane, reaction with 
nitrous acid, 282 

Z’Aminopyridine, diazotisation, 285 
Z-AminoquinoUne, diazotisation, 285 
4z-Aminothiazolej diazotisation, 285 
^-Aminotriazole, diazotisation, 284 
Ammonia, reaction with carbonyl 
compounds, 133, 134 
with 1 : 4-dicarbonyl compounds, 
170, 171 
with esters, 199 

with halogen compounds, 371, 
Z72 

teict.-Amylamine, oxidation, 278 
iso- and tevt^-Amyl bromides, isomeris- 
ation, 388 

ISO Amyl iodide, formation, 381 
isoAmylene, formation, 90 

reaction with sulphur monochloride, 
24 

with sulphurous acid, 23 
with phenols, 24 
See also Trimethylethylene. 
Anethole, reaction with hypobromous 
acid, 20 

Anhydro -bases, formation from ali- 
phatic diamines, 296 
See also Iminazoles. 

Ardlic acids, formation, 198 
Anilides, formation, 197, 198, 262 — 
265 

hydrolysis, 220 
alkylation, 226, 268, 269 
Aniline, addition to nitriles, 258 
bromination, 292 

diazotisation, 337, 341, 342, 344, 
345, 346, 349, 353, 355 
oxidation, 279, 280 
reaction with aldehydes, 134, 
135 

Aniline hlach, formation, 279, 280 
Anils, heto, formation, 135 
Anisaldehyde, formation, 246 
acyloin condensation of, 161 
oxidation, 158 
reduction, 130 

formation of diethylacetal, 154 
Anisil, preparation, 172, 173 
preparation, 161 
oxidation, 172,173 
Anisole, preparation, 75 
demethylation, 111 
foignation from benzene diazonium 
salts, 336 

in Friedel-Crafts reaction, 49 
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Anisoyl chloride, reaction with hvdro« 
gen cyanide, 229 
reduction, 246 

p-Anisyl ^-hydroxy vinyl hetone, 242 
Anisylidene nitroethane, preparation, 
144 

Anthocyanidins, synthesis, 142, 143 
Anthracene, nitration, 63 
oxidation, 61 
picrate, 60 
substitution, 63, 64 
reaction with bromine and chlorine, 
60 

Anthracene, alkyl-substituted, form- 
ation, 166, 157 

Anthrahydroquinone, 93, 183 
Anthranilic acid, preparation, 224 
Anthranol, 92, 93 
formation, 183 
Anthranols, etherification, 77 
Anthraquinone, preparation, 61 
reduction, 183 
oximation, 187 
reactions, 182 

Anthraquinone ^-carboxylic acids, 
esters of, 80 

Anthraquinone suXphonic acids, alkali 
fusion, 397 
Anthrone,^ 92, 93 
formation, 183 

Apiole and isoApiole, reduction, 9 
Arsinic acids, ai^l, preparation, 350 
Arylation,. of amines, 271, 272 
of phenols, 7|f 

Arylethers of glycollic acid, formation, 
73 

Aryl halides, hydrolysis, 53, 370 
Aryl p-nitrohenzyl ethers, 73 
Aryl&ulphonyl dichloramides, form- 
ation, 223 

Azobenzene, formation, 279, 326 
salt formation, 358 
reduction, 320, 361 
reductive fission, 360, 361 
Azo-compounds, formation — 
from nitro-compounds, 320 
from uitroso-compounds, 326 
Azoxybenzene, formation, 279, 319, 
320, 359 

Azoxy-compounds, formation — 
from nitro-compounds, 319, 320 
from azo- compounds, 359 
Azoxytoluene, formation, 319 

Baeyer'^s test for unsaturation, 4 
Barium alcoholates, formation, 70, 71 
Benzalacetone, formation, 141 
BenzaZacetophenone, formation, 141 
Bernal chloride, formation, 43 
BenzaZdehyde, formation, 35, 51, 52, 
246 
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BmzaldehycUj acyloin condensation, 
161 

condensation — 

with acetic acid, 146 
with acetic acid, ethyl ester, 
149 

with acetone, 141 
with amines, 134, 135 
with ^^obutyric acid, 147 
with cvanacetic acid, ethyl ester, 
149“ 

with 2 : 4-dinitrotolnene, 55, 150 
wdth malonie acid, 14S 
with malonie acid, diethyl ester, 
149 

with a-methylpyridiiie, 114 
with nitromethane, 150 
with quinaldine, 150 
with succinic acid, 14G 
oxidation, 158 
reaction with alkali, 160 
with ammonia, 134 
with ammonium cyanide, 127 
with diazomethane, 164 
with C'toluylenediamine, 296 
BenzaldehydeSf substituted. See 
under separate headings. 
Benzaldehyde diethyl acetal, formation, 
154 

Benzalmalonic acid, diethyl ester, 
formation, 149 
Benzamide, bromination, 22Z 
Benzanilide, formation, 264 
alkylation, 226 

Benzanilide iminochloride, reduction, 
246 

Benzene, formation, 3S7 

addition of chlorine and bromine, 36 
chlorination, 43 
iodination, 45 

in Friedel-Crafts reaction, 46 — 51 
nitration, 38 
sulphonation, 40 — 42 
picrate, 37 

reaction with hypochlorous acid, 37 
with ozone, 37 

Benzenediazohium perbromide, form- 
ation, 335 

Benzenesulphinic acid, formation, 349, 
394 

alkylation and arylation, 399, 400 
reaction with quinones, 185 

with unsaturated esters and. 
carbonyl compounds, 23 
oxidation, 400, 401 
Benzenedisulphonic acid, formation, 42 
Benzenesulphonic acid, formation oJ! 
sodium salt, 40 
alkali fusion of, 396 
reaction with olefins, 10, 11 
hydrolysis, 396 


Bcnzenesulphonyl chlonde, reduction 
394 

Benzhydrazide, formation, 199, 200 
reaction with carhonyl compounds, 

Benzidine rearrangement, 360, 361 
Benzil, formation, 172 
reaction with potash, 168 
condensation with 1 : 2-dianiines 
168, 294, 295 

Benzilic acid, formation, 168 
Benzilic acid rearrangement, 168, 169 
Benziminazole, formation, 295 
Benzimino ethyl ether hydrochloride, 
formation, 252 

Benzohromamide, formation, 222 
Benzoic acid, bromination, 211, 212 
nitration, 211 

Benzoic anhydride, formation, 196 
Benzoin, formation, 161, 244 
oxidation, 172 

reaction with alcoholic hydrogen 
chloride, 77 

Benzomirile, conversion into imino 
ether, 252 

Benzophenone, condensation with 
cyclopoixtstdiene, 150 
fission, 166 
reduction, 133 

P’Benzoquinone, formation, 279, 280 
reaction with dienes, 186 
conversion into substituted quinols, 
184, 185 

reduction, 182, 183 
o-Benzoquinonediimine, formation, 297 
p-Benzoquinonediimine, formation, 
298 

Benzotrichloride, formation, 43 
catalytic reduction, 367 
Benzoyl acetyl per'oxide, formation, 158 
Benzoyl chloride, formation, 195 
reaction with diazotates, 352 
with silver nitrate, 229 
with sodium peroxide, 231 
use in benzoylation of amines, 263, 
264 

in benzoylation of hydroxy-com- 
pounds, 79 
reduction, 246 

Benzoyl fluoride, formation, 229 
Benzoyl hydrazine, reaction with carb- 
onyl compounds, 137 
Benzoyl-o-nitraniline, reduction, 315 
Benzoyl nitrate, formation, 229 
use in nitration, 39 
Benzoyl peroxide, formation, 231 
B enzoyl-o -phenylenediamine, 315 
Benzoylpropionic acid, formation, 51 
behaviour on distillation, 218^ 
Benzoyho-toluidine, reaction with 
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Benzoyl-^-toluiMne, formation, 26 B 
Benzoylacetoacetic acid, ethyl ester, 
formation, 104, 105 
Benzoylacetone, formation, 241 

0- Benzoylhenzoic acid, formation, 51 
Benzyl acetate, formation, BBB 
Benzyl alcohol, formation, 160 
Benzyl chloride, formation, 43 

reaction with potassium acetate, 
383 

with silver nitrite, 384 
with sodium cyanide, 381 
with ^-naphthol, 75 
Benzyl cyanide, formation, 381 
condensation with aldehydes, 145 
hydrolysis, 250 
reduction, 251 

2-Benzyl - 1 -hydroxynaphthalene, form- 
ation, 75 

Benzyl-'p-nitrohenzoate, formation, 79 
Benzylidene diacetate, formation, 155 

01- Benzylsulphonyl piperidide, form- 

ation, 262 

' Bisdiazoamino-compounds, formation, 
353 

m.-Bistriazobenzene, formation, 341 
Bisulphite compounds, formation, 
125 

Bomylene, reaction with perbenzoic 
acid, 14 

Bromal, reduction, 130 
Bromination, acids, aromatic, 211 
fatty, 209, 210 
amines, aromatic, 291, 292 
ethers, 113, 114 
hydrocarbons, aromatic, 43, 44 
paraffin, 2 
phenols, 95, 96 

Bromine, detection in organic sub- 
stances, 406, 407 
reaction with amides, 222, 223 
with acetylenes, 31 
with benzene, 36 
with anthracene, 60 
with diazonium salts, 335 
with enols, 105 
with naphthalene, 60, 61 
with phenanthrene, 60, 64 
with olefins, 16, 17, 26, 28, 29 
with thioethers, 115, 123 
with thiols, 107 , 108 
See also Bromination. 
(O-Bromoacetophenone, reaction with 
tertiary amines, 273 
with salts of acids, 202 
’p-Bromoaceianilide, reaction with 
nitrous fumes, 221 
Bromoacetic acid, formation, 209 
Broynoacetic acid, ethyl ester, Reform- 
atski condensation of, 153 
o-Bromoaniline, chlorination, 291 


TQ.-Bromoaniline, formation, 225 
diazotisation, 338 
p-Bromoaniline, formation, 292 
diazotisation, 347 
chlorination, 293 

ra-Bromohenzamide, reaction with 
hypobromite, 225 
Bromobenzene, formation, 344 
reaction with arylaminea, 271 
with sodium phenate, 74 
TrL-Bromobenzoic acid, formation, 211 
p-Bromobutylene, formation, 366 
a-Bromocaproic acid, reaction with 
ammonia, 373 

S-Bromo-p-cresol, fomiation, 05 
l-BTOyno-2 : 4:-diaminobenzene, form- 
ation, 315 

4i-Bro7nodimethylaniline, formation, 
291 

l-Bromo-2 : 4:-dinitrohenze?ie, reduc- 
tion, 314, 315 

p-Bromodiphenyl, formation, 347 
Broynodurene, reaction with sulphuric 
acid, 41 

Bromo-ijs-cumene, reaction with sul- 
phuric acid, 41 

P-Bromoethyl alcohol, formation, 20 
P’Brornoethylamine hydrobromide, 
formation, 227 

p-Bromoethyl phthalimide, formation, 
227 

Bromohydrins, formation, 19, 20 
a-Bromopalmitio acid, hydrolysis, 370 
m.-Bromop'henol, formation, 338 
p-Bromoph&nol, formation, 95 
P - Bromo - P - phenylhydroxypropionic 
acid, formation, 19 
•y-Bromopropyl phenyl ether, form- 
ation, 73 

Bromoprehnitene, reaction with sul- 
phuric acid, 41 

(a-Bromostyrene, formation, 207 
reaction with potash, 366 

0- Bromoioluene, formation, 344 
p-Bromotolume, formation, 344 

01- Bromo-o-xylene, formation, 44 
' ^-Butadiene, formation, 368 
reaction with maleic anhydride, 25 

with quinones, 186 
n-Butaldehyde, condensation wdth 
. acetone, 140 
with ethyl methyl ketone, 140 
with malonic acid, 147 
with cyanoacetie acid, 148 
isoButaldehyde, action of alkali, 1 61 
cycloButane methylamine, reaction 
with nitrous acid, 281, 282 
isoButyl alcohol, oxidation to iso- 
butyric acid, 88 
reaction with potash, 88 
sec.-Butyl alcohol, formation, 10, 151 
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tol't. -Butyl alcohol, formation, 10, 15 1 
iso- and tQxt.-Butyl bromides, isomer- 
isation, 388 

tert. -Butyl bromide, formation, 17 
n-Butyl chloride, formation, Sd 
xi~Butyl cyanide, hydrolysis, 240 
tevt.-Butyl iodide, formation, 85 
reaction with potash, 366 
sec. -Butyl ethyl ether, formation, 72 
Butylamincs, reaction with nitrous 
acid, 281 

teTt.-Butyla77iine, oxidation, 278 
tevt,-Butylbenzene, formation, 53 
Bec.-Butylcarhmol, formation, 152 
Butylchloral, reduction, 130 
Butylene, formation, 207 

reaction with sulphuric acid, 10 
iaoButylene, formation, 366 

reaction with sulphuric acid, 10 
with hydrogen bromide, 17 
eis-Butylidene acetone, formation, 140 
n-Butylmalonic add, diethyl ester, 
formation, 384 

te>£t.-Butyltoluene, formation, 53 
i&oButylUovalerylurea, formation, 225 
xi-Butyric acid, reaction with olefins, 
11 

n-Butyric acid, ethyl ester, aceto- 
acetic ester condensation, 237 
isoButyric acid, condensation with 
benzaldehyde, 147 
formation, 88 

n-Butyro-p-toluidine, formation, 197 
Butyryl butyric acid, esters, formation, 
237 

ry-Butyryl chloride, formation, 195 

Calcium alcoholates, formation, 70, 71 
Campholic acid, ester, reduction, 247, 
248 

Cannizzaro reaction, 160, 161 
Caproic acid, potassium salt, electro- 
lysis, 204 
bromination, 210 

Caprylic acid, methyl ester, reduc- 
tion, 247 

p-CarbethoxybenzanUide, reaction with 
phosphorus pentachloride, 226 
p-Carbethoxybenzophenyliminochloride, 
formation, 226 
reduction, 246, 247 
Carbethoxymethyl triethyl ammonium 
iodide, formation, 273 
Carbonyl compounds, general reac- 
tions, 124-189 

reaction with thiol compounds, 108 
See also Aldehydes, Ketones, and 
individual carbonyl com- 
pounds 

Carbonyl chloride, use in Friedel— 
Crafts reaction, 52 


Carboxyl group, elimination, 204-208 
Carols acid, reactioS with amines 
278, 279 

Carvacrol, reaction with nitrous acid 
93 

Catechol, conversion into voratrole, 75 
Ceryl alcohol, reaction with potih 
88 

a-Ceiyl allyl ether, oxidation, 12 
a-Cetyl glyceryl ether, formation, 12 
Chloral, polymerisation, 164 
reaction with diazomethane, 164 
reduction, 130 

Chlorination, of alkvl and aryl ethers 
113 

of aminos, 292, 293 
of anilides, 223 
of acids, fatty, 209 
of hydrocarbons, aromatic, 43, 44 
of hydrocarbons, paraffin, 2 
of phenols, 95 

Chlorine, detection in organic sub- 
stances, 406, 407 
reaction with acetylenes, 31 
with anthracene, 60 
with benzene, 36 
with iodo-conipounds, 386 
with naphthalene, 60, 61 
with olefins, 16, 17 
with phenanthrene, 60, 64 
with thioethers, 115, 123 
See also Chlorination. 
p-CMoroacetanilide, formation, 314 
Chloroacetic acid, formation of nitro- 
methane from, 206 
hydrolysis, 370 
reaction with ammonia, 373 
Chloroacetic acid, ethyl ester, reaction 
with ketones, 165 
in Tteformatski reaction, 153 
OD-Chloroacetophenone, formation, 49 
Chloroacetone, reaction with phthal- 
imide, 227 

p-Chloroacetyl chloride, use in Friedel- 
Crafts reaction, 48, 49 
2- and 4c-Ghloroanilines, formation, 
292 

Chlorobenzene, formation, 342, 343 
hydrolysis, 53, 370 
in Friedel-Crafts reaction, 49 
Q-Chlorobenzoic acid, nitration, 211 
p-Chlorobenzoic acid, formation, 34 
Chlorocarhonic ester, reaction with 
phenols, 80, 81 

2-Ghloro-Z : 6-dinitrotoluene, form- 
ation, 279 

Chlorodurene, reaction with sulphuric 
acid, 41 

Ghlorohydrins, formation, 19 

€jD-Chloro-4-hydroxyacetophenone,1oTm- 

ation, 49 
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(a-GliLoro-2- a'lM '^-'metiioxyaceto'phen- 
one, formation, 49 

^-Ghloro-S-nitrohenzoic acid, form- 
ation, 211 

Z-Ohloro-ip-phenetidine, formation, 314 
P-p-Chlorophenylhydroxylamine, form- 
ation, 312 

^-Chlorophenyl n-propyl ketone, form- 
ation, 49 

2~Ghloroquinol, formation, 184 
Gliloros'idphonic acid, use in sulphon- 
ation, 42 

Q-Ghlorothymol, formation, 96 
o-Chlorotoluene, formation, 44, 343 
p~Chlorotoluene, formation, 44 
oxidation, 34 

Gholesterol, formation of potassium 
derivative, 70 
Ghrysene, 59 
oxidation, 61 

Chryseneqiiinone, formation, 61 
Cinnamaldehyde, formation, 246 
condensation with malonic acid, 
148 

with pyruvic acid, 141 
reduction to cinnamyl alcohol, 130 
formation of diethyl acetal, 154 
Cinnamanilide, reaction with phos- 
phorus psntaehloride, 225 
Cinnamic acid, formation, 148, 369 
conversion into styrene, 206 
reaction towards sulphuric acid, 10 
with hydroxylamine, 28 
Cinnamic acid, ethyl ester, formation, 
148, 149 
oxidation, 11 

Cinnamic acid dihromide, reaction 
with alkali, 207 

Cinnamoyl chloride, reduction, 246 
GinnamphenyliminocMoride, form- 
ation, 

Cinnamyl alcohol, formation, 130 
Cinnamyl pyruvic acid, formation, 141 
Cinnamylidene acetic acid, formation, 
216 

Cinnamylidene malonic acid, form- 
ation, 148 

Citric acid, formation, 169 
Glemmensen reaction, 131 — 133 
Coumarin, formation, 146 
Q-Cresol, formation, 133 
m.~Gresol, nitration, 94 
p-Oresol, formation, 338, 396 
bromination, 95 
nitration, 94 

CrotonoZdehyde, formation, 173 

condensation with malonic acid, 
148 

Grot^nic acid, formation, 147 
reaction with ammonia, 27 
^ with aniline, 28 
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Crotonic acid, ethyl ester, reaction 
with hydrogen cyanide, 27 
ift-Cumene, nitration, 39 

separation from mesitylene, 42 
tIs-Cumene aulphonic acid, formation, 
42 

^ hydrolysis, 42, 396 
Cyanoacetic acid, condensation with 
n-butaldehyde, 148 
Cyanoacetic acid, ethyl ester, con- 
densation with benzaldehyde, 
149 

Cyanogen bromide, reaction with ter- 
tiary amines, 276 

a-Cyano-A°-~n-hexoic acid, formation, 
148 

Cyanohydrins, formation, 126 

Decyl alcohol, dehydrogenation, 87 
Dehydrogenation of alcohols, 87, 88 
of cycfohexane, 3 
Diacetanilide, formation, 265 
Diacetone alcohol, formation, 143 
elimination of water from, 90 
Diacetylsuccinic acid, esters of, 
reaction with ammonia, 171 
Dialkyl sulphates, formation, 109 
Diamines, aliphatic, formation, 372 
reactions, 295, 296, 299, 300 
1 : ^-Diamines, aromatic, reactions, 
293—298 

1 : Z-Diamines, aromatic, reactions, 298 
1 : 4:-Diamine8, aromatic, reactions, 
298, 299 

2 : 2* -Diaminoazobenvzene, formation, 
298 

Diaminophenazine, formation, 297, 
298 

Diisoamyl sulphone, formation^ 401 
Diisoamyl sulphx>xide, formation, 115 
Diisoamylsulphide, oxidation, 115 
Dianthranol, formation, 183 
Dianthryl, formation, 183 
Diaryliodinium hydroxides, formation, 
387, 3S8 

Diazoacetic acid, ethyl ester, form- 
ation, 282 

reaction with unsaturated com- 
pounds, 357 

oi-Dutzoacefophenone, 230 
Diazoamino-compounds, formation, 
353, 354 

Diazoaminobenzene, formation, 353 
Diazo-compounds, aliphatic, form- 
ation, 282, 283, 331 
reaction with acetylene, 358 
with acyl halides, 229, 230, 357 
with carboxylic acids, 356 
with halogen hydrides, 356 
with olefin carWsylic acids, 357 
with phenols, 76 
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Diazo-compounds, aromatic. See Di- 
azonium salts, Diazotates, Di- 
azo-oxides. 

Diazoethane, formation, 331 
Diazomethane, formation, 331 
reaction with acetylene, 358 
with acyl halides, 229, 230 
with aldehydes, 164 
with carboxylic acids, 202 
with ketones, 165 
with nitramines, 324 
with phenols, 76 
with iinsaturated acid esters, 357 
Diazonium salts, formation from 
primary aromatic amines, 283, 
284 

from primary amino heterocyclic 
compounds, 285 
from nitroso -compounds, 326 
from nitramines, 325 
replacement reactions, 336 — 350 
reaction with alkali, 351, 362 
with alkyl aryl ethers, 97, 114 
with amines, 353, 354 
with enols, 106 

with hydrocarbons, aromatic, 53 
with phenols, 96, 97 
with malonic acid, 106 
reduction, 354, 355 
stability, 336, 339 
Diazo-oxides, formation, 285 
Diazotates, formation, 351, 352 
alkylation, 352 

Dibrormhutanes, isomerisation, 389 

1 : 4i-Dibromdbutane, reaction with 

amines, 372 

2 : ^-Dihromohutane, reaction with 

amines, 372 
with potash, 366 

2 : S-Dibromo-l : 4^ - dihydronaphthal - 
ene, reduction, 368 
1 : ^-Dihromocyolohexane, reaction 
with quinoline, 366 

1 : 6-Dibromopentane, reaction with 

amines, 372 

1 : 2- and 1 : S-Dibromopropanes, 
formation, 18 

Dtbromopropionaldehyde, reaction 
with diazomethane, 164 

2 : 5-Dihromoquinol, formation, 184 

3 : 5-Dibromo--p-toluidine, formation, 
292 

4 : 6-Dibromo-ra-xylene, formation, 44 
Di-n-butylaniline, nitration, 290 
o- and p-Dichlorohenzenes, formation, 
43 

2 : 4:~DichZoroacetaniUde, formation, 292 
2 : ^-DichlorobenzenesvZphinic acid, 
formation, 394 

2 : Q-Dichloro-4d>romoaniline, form- 
ation, 293 


4 : (}-Diohloro-2-hromoc^.iiUne, form- 
ation, 291 

Didiphenyl, formation, 346 
Didiphenylhenzene, formation, 346 
2 : o-Dichlorobenzenesnlphonyl chlor- 
ide, formation, 42 
reduction, 394 

2 : 5-Diethoxyquinol, formation, 184 
Diethyl disxdphide, formation, 107 
Diethylhydrazine, formation, 329 
Diethyl ketone, alkylation, 165 

self-condensation, 143 
Diethyl ^-naphthylamine, formation, 
267 

Diethylniirosamine, reduction, 329 
Diethylnialonic acid, diethyl ester, 
formation, 385 

Diethyl sulphone, formation, 115 
Diethyl sulphoxide, formation, 115 
Diethyl sulphide, oxidation, 115 
1 : 4-Dihydronayphthalene, formation, 
59, 368 

isomerisation, 29 

1 : 4:-Dihydro-a-naphbhaquinone, form- 
ation, 186 

1 : 1-Dihydroxynaphthalene, form- 
ation, 397 

Dihydroxynaphthalenes, formation of 
aldehydes from, 98 
Dihydroxystearic acid, formation, 12 
Di-iodoethylene, reaction with chlor- 
ine, 386 

1 : 2-Diketones, formation, 172, 173 
general reactions, 168, 169 
reaction with 1 : 2-diamines, 168, 
294, 295 

1 : Z-Diketones, formation, 239 — 242 
general reactions, 170 
1 : 4:-Dikctones, reactions, 171 
Diketostearic acid, benzilic acid re- 
arrangement, 169 

ay-Dimethoxyacetoacetic acid, ester, 
formation, 237 

(o-4:-Dimethoxyacetophenone, condens- 
ation with salicylaldehyde, 142 
1 : l-Dimethoxyphenanthi'azine, form- 
ation, 294 

3 : 41 -Dimethoxy - 2 - phenylbenzopyryl- 

ium ferrichloride, formation, 
142 

Dimethylamine, reaction with nitrous 
acid, 286 

Dimeihylaminobenzoic acid, reaction 
with nitrous acid, 287 
Z-Dimethylamino-o-xylene, reaction 
with nitrous acid, 287 
Dimethylaniline, formation, 270 
bromination, 291, 292 
reaction with acid chlorides, 265 
with alkyl iodides, 273 
with nitrous acid. 287 ^ 
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Dimethylanilinet oxidation, 278 
us© in prepai%tion of unsaturated 
compounds, 366 

^imethylaniline oxide, formation, 278 

2 : Q-DimetJiyl-i^-henzoquinone, form- 

ation, 280 

aa-Dimethylhenzoylacetic acid, ethyl 
ester, formation, 385 
Dimethylethylenediamine, formation, 
269 

Dimethylnitrosamine, formation, 286 

3 : ^-Dimethyl- A^-pentene, addition of 

hydrogen bromide, 18 
DimethyliBOoxazole, foimation, 170 
Dimethyl sulphate, formation, 109 
reaction with amines, 270 

with hydroxy-compounds, 75, 
76 

with sugars, 178 
with thioethers, 1 14 
with thiols, 106 

Dimethyl-o-toluidine, formation, 267 
reaction with nitrous acid, 287 
Dimethyl-p-toluidine, nitration, 290, 
291 

Dimethyl-p-xylidine, formation, 267 
reaction with nitrous acid, 287 
aa-Dinaphthyl, formation, 62 
PP'Dinaphthyl, formation, 345 
2 : Z-Dinitroacet-p-toluidide, form- 
ation, 289 

2 : 6-Dinitroacet'pdoluidide, form- 
ation, 289, 290 

2 : 4^-Dinitroaniline, action of alkali, 
288 

reduction, 316 

2 : ^-Dinitrobenzoddehyde, formation, 

56 

m-DinitrohenzeTie, formation, 38 
reaction wdth hydroxylamine, 56, 

57 

with potassium cyanide, 57 
reduction, 316 

■p-Dinitrohenzene, formation, 319 
reaction with hydroxylamine, 56 

3 : h-Dinitrobenzpyl chloride, reaction 

with alcohols, SO 
use in the fission of ethers, 112 

2 : l-Dinitrohroyyio'benzene, reduction, 

314, 315 

replacement of halogen, 64, 271, 
272 

3 : S-Dinitro-n-hutyl-p-toZuidine, 

formation, 328 

2 ; l-Dinitrochlorobenzene, replace- 

ment of halogen, 54, 106, 107, 
271 

3 : 4~Dinitrochlorohenzene, reaction 

with ammonia, 58 

4 : ^-Dinitro-2-chlorotolu&ne, reaction 

with ammonia, 58 
^ S’ T* 2 (Org. Compounds) 


2 : Z~DinitrO'\ : l-dichlorobenzene, re- 
action with aromonia, 58 

2 : 4-Dinitrodiphenylamine, form- 
ation, 271 

2 : 4-Dinitro7nesitylene, reduction, 317 

2 : 4-Dinitromethylaniline, reduction, 
316 

2 : d'Dinitro - 4 - methylbenzenediazon - 
ium sulphate, formation, 284 

Dinitro-Ta-phenylenediamine, form- 
ation, 57 

2 : 4‘Diuitrophenol, formation, 54, 288 
reaction with phosphorus halides, 
00 

2 : l-Dinitrophenylhydrazine, form- 
ation, 54 

use in characterising carbonyl 
compounds, 136 

2 ; l-Dinitropropylamline, formation, 
271 


2 ; Z-Dinitrotoluene, reduction, 313 
2 : 4-Dinitrotoluene, formation, 88 
condensation with benzaldehyde, 
55, 150 

with 29-nitrosodimethylaniline, 
55, 56 

reduction,’ 313, 316 

2 ; b’Dinitrotoluene, reaction with 

ammonia, 58 
reduction, 313 

3 ; 4-Dinitrotoluene, reaction with 

ammonia, 60 
reduction, 313 

2 : ^-Dinitro-pdoluidine, diazotis- 
ation, 284 

Dipentene, reactions^th hydrogen 
chloride, 19 
with nitrous fumes, 22 
with sulphurous acid, 23 
Diphenyl, formation, 337, 345, 379, 
380 


Diphenylamine, formation, 27^2 
reaction with nitrous acid, 286 

1 : 4:'-Diphenylbenzene, formation, 346 

2 : Z-Diphenyl-Q’hutylquinoxcdine, 

formation, 294 

ap-Diphenyl a-cyano ethylene, form- 
ation, 145 

4 : 4' -Diphenyldiphenyl, 346, 379 
Diphenyl ether, preparation, 74 
aa~Diphenylethylene, maction with 
nitric acid, 23 

Diphenylmeihane, formation, 53 
2 : Z-Diphenyl-Q-methylquinoxaZine, 
formation, 294 

Diphenylnitrosamine, formation, 286 
Diphenylphthalide, formation, 51 
Diphenyl sulphide, oxidation, 115 
Diphenylsvlphone, formation 115 
DiphenylsuVphoxide, formation, 115 
DilBopropyl ketone, alkylation, 165 
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Disulphides j formation from thiok, 
107, 108 

Disulphoxides, formation, 399 
Doehner's reaction, 162 
Dypnone, formation, 144 
Durene, reaction with sulphuric acid, 
41 

iodination, 45 
nitration, 39 

additive compounds with picric 
acid, and trinitrobenzene, 37 

Electrolysis of acids and their salts, 
204 

Emeraldine, formation, 279, 280 
Enols, general reactions, 102 — 106^ 
e:ffect of solvent on equilibrium wuth 
keto form, 157 

separation of enol from keto form, 
157 

Ergosterol, formation of potassium 
derivative, 70 

Esterification, 81 — 83, 200, 201 
apparatus for, 82 
resistance to, 200, 201 
Esters, formation from acids, by 
esterification, 77 — 83, 200 — ^202 
from halogen compounds, 382, 
383 

from nitriles, 251 
by oxidation of alcohols, 87 
general reactions, 233 — 249 
condensation with carbonyl com- 
pounds, 145—150, 239—242 
conversion into amides, 199 
into hydrazides, 199 
into hydroxamic acids, 200 
Ethane, formation, 378 
Ethers, formation, 71 — 77, 89 
general reactions, 108 — 114 
Eihyl alcohol, oxidation, 86, 87 

reaction with p-benzoquinone, 184 
with potash, 88 

Ethylacetoacetic acid, ethyl ester, 
formation, 237 

Ethylacetylene, isomerisation, 31 
Ethylamine, oxidation, 278 
Ethylaniline, reaction with nitrous 
acid, 286 
bromination, 292 
Ethylbenzene, formation, 46, 132 
iodination, 45 
nitration in side-chain, 40 ‘ 
oxidation, 35 

Ethyl mercaptan, oxidation, 107 
l~Ethyl-2-methyibenzirmnazole, form- 
ation, 297 

Ethyl a~naphthylamine, formation, 268 
Ethyl p-naphthylamine, formation, 267 
Ethyl nitrolic acid, formation, 323 
Ethyl phenol, formation, 132 


INDEX 

Ethyl-o-toluidine, reaction with 
nitrous acid, f?86 
Ethylene, formation, 89, 90 

conversion into ethyl alcohol, 9 
reaction with nitric acid, 23 * 

with sulphur monoehloride, 23, 
24 

Ethylenediamine, formation, 372 
reaction with 1 : 2- diketones, 295 
formation of anhydro -bases from, 
296 

Ethylene dihromide, hydrolysis, 370 
reaction with ammonia, 372 
with phthalimide, 227 
with sodium phenate, 72 
in Friedel-Crafts reaction, 47 
Ethylene dichloride, reaction with 
- ammonia, 372 
Ethylene glycol, formation, 370 
Ethylene glycol diacetate, formation, 
382 

Ethylene oxides, formation from 
olefins, 13, 14 

Ethylidene diacetate., formation, 155 
Eugenol, isomerisation to ^soeug€nol, 
29 

Fatty acids. See Acids, carboxylic, 
fatty. 

i Fenton’’ s reagent, 214 
Fischer-Hepp rearrangement, 328, 
329 

Fittig’s reaction, 378, 379 
Fluor ene, formation, 207 

condensation with aldehydes, 150 
with ethyl oxalate, 242 
Fluor ene-^-car'boxyli.c acid, elimination 
of the carboxyl group, 207 
Fluorohenzene, formation, 342 
Formaldehyde, reaction with ammonia 
and amines, 135 

condensation with acetaldehyde, 
151 

with acetone, 151 
with nitromethane, 151 
with phenols, 102 
polymerisation, 163, 164 
Formanilide, formation, 262 
alkylation, 226 
nitration, 289 

Formhydroxamic acid, formation, 
200 

Formic acid, reactions, 209 
estimation, 210 

Formic acid, ethyl ester, condens- 
ation with ketones, 241, 242 
with phenyl acetic ester, 239 
Formylphenylacetic acid, ethyl ester, 
formation, 239 

Formyl-p-phenylenediamine, dorm- 
ation, 314 



SUBJECT INDEX 


437 


Friedel~G rafts Reaction, with benzene 
and its homologues, 46 — 52 
^ with aeenaphthene, 64 
with naphthalene, 62 
Fmnaric acid, formation, 369 
Furfuraldehydef acyloin condens- 
ation, 162 
reduction, 129, 133 
action of alkali, 160 
Furfuryl alcohol, formation, 120 
Furil, formation, 173 
Furoin, formation, 162 
oxidation, 173 

Gattermanri* s reaction for replacement 
of the diazonium group, 342 — 
345 

for preparation of phenolic alde- 
hydes, 97, 98 

Geraniol, dehydrogenation, 87 
Gluconic acid, formation, 1 76 
Glucose, acetylation, 78 

formation of glucosides from, 174, 
175, 176, 179, 180 
mutarotation, 175 
oxidation, 176, 177 
Glucose pentacetate, formation, 78 
reaction with halogen hydrides, 1 79 
Glucosides, j3-benzyl, tetra-acetyl, 
formation, 179 

a- and j5-methyl, formation, 176 
)3-methyl, tetra-acetyl, formation, 
179 

j8-theobromine, tetra-acetyl, form- 
ation, 180 

a)-4-dihydroxyacetophenone, 
tetra-acetyl, formation, 180 
a-Glucosylhromide, tetra-acetyl, form- 
ation, 179 

Glutaric acid, formation of anhydride, 
196 

Glyceryl a-'p-nitrobenzoate, 11 
Glycine, formation, 373 
Glycols, formation from olefins, 11 — 
14 

Glycol diacetate, formation, 382 
Gly collie acid, formation, 370 
Glyoxal, reaction with o-phenylene- 
diamine, 295 

Grignard reagent, preparation, 373 — 
375 

reaction with acid chlorides, 244 
with acid anhydrides, 244 
with aldehydes, 151, 152 
■with amides, 244 
with esters, 243, 244 
with ketones, 151, 152 
■wdth nitriles, 253 
jvith quinones, 188 
with water and dilute acids, 368 
GrMaiacol, formation, 339 


Halogen compounds, general reactions, 
8ee^ under Alkyl halides, Aryl 
halides, and under individual 
halogen compounds. 

Halogen hydrides, reaction with alco- 
hols, 84, 85 

■with ethers, 109, 110, 113 
with olefins, 17 — 19 
Halogenation. See under Bromin- 
atibn, Chlorination, lodination. 
Heptane B-ol P-one, formation, 140 
HeptaZdehyde, condensation with 
aldehyde, 139 
reduction, 128 

cyeloHeptanone, formation, 203 
n-Heptylamine, formation, 224 
eycloHexadiene, formation, 275, 366 
reaction with quinones, 186 
Hexamethylbenzene, formation, 41 
additive compound "with trinitro- 
benzene, 37 

Hexamethylenetetramine, formation, 

135 

n-Hexane, formation, 378 
i&oHexane, formation, 378 
cyelofiTea^ane, reactions, 2, 3 
cydloHexanol, conversion into cyclo^ 
hexene, 90 

cycloH exanone, formation, 203 
alkylation, 165 

conversion into eyeZopentanone, 169 
reaction with acetic anhydride, 156 
with sodium bisulphite, 125 
with acid condensing agents, 
144 

cycloHcjcene, formation, 90 
reaction with nitrous acid, 22 
■with sulphurous acid, 23 
with phenols, 24 

cycloHexenol acetate, formation, 156 
cydoHexyl bromide, reaction with 
amines, 371 

Hoesch synthesis, 99 , 252 
Hofmann conversion of amides to 
amines, 223, 224, 225 
of alkylanilines to aminoalkylbenz- 
enes, 274 

Hydrazidea, formation, 199, 200 
Hydrazine, reaction with amides, 200 
with aldehydes and ketones, 135, 

136 

with esters, 199 

Hydrazines, substituted, reaction with 
carbonyl compounds, 136, 137 
Hydrazobenzene, formation, 320 
Hydrazones, formation, 135, 136 
Hydrindene, formation, 47 
a-Hydrindone, formation, 49 

condensation *with salicylaldehyde, 
141, 142 
reduction, 131 
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Hydrocarbons, acetylenic, formation 
from bromo -olefins, 366, 369 
general reactions, 30 — 32 
Hydrocarbons, aromatic, benzenoid, 
formation by Fittig reaction, 
37S, 379 

by Friedel-Crafta reaction, 46, 47 
by Clemmensen reaction, 1 3 1 — 133 
from sulphonic acids, 42, 395, 396 
general reactions, 33 — 58 
See also -ander separate hydro- 
carbons, Halogenation, Nitra- 
tion, Sulphonation, Friedel- 
Crafts reaction. 

Hydrocarbona, aromatic, polycyclic, 
general reactions, 58 — 64 
See also under separate hydro- 
carbons. 

Hydrocarbons, olefinic, formation from 
alcohols, 89 — 92 
from alkylamine salts, 274, 275 
from alkyl halides, 365, 366, 371, 
372, 382 

from olefin dibromides, 368, 369 
from aliphatic sulphonic acids, 
396 

formation of A®-olefins, 377 
general reactions, 3 — 30 
Hydrocarbons, paraffin, formation 
fi’om alkyl halides, 367, 368 
by Grignard reaction, 368, 377 
by Wurtz reaction, 378 
general reactions, 1, 2 
Hydrogenation, catalytic, of benzene 
and its homologues, 36 
of carbonyl compounds, 131 
of naphthalene, 59, 60 
of unsaturated compounds, 4 — 8 
apparatus for, 6, 7 
preparation of nickel catalyst for, 5 
of palladium catalyst for, 8 
of platinum catalyst for, 8 
Hydrogen bromide, reaction with 
alcohols, 84 
with ethers, 109 
with pentacetyl glucose, 179 
with quinones, 184 
with unsaturated compounds, 17, 
18 

Hydrogen chloride, reaction with 
alcohols, 84, 85 
with azo-compounds, 358, 359 
with p-benzoquinone, 184 
with ethers, 109, 113 
with unsaturated compounds, 
17, 18, 19 

Hydrogen cyanide, reaction with 
carbonyl compounds, 126, 178 
with quinones, 188 
with ajS-unsaturated esters and 
ketones, 27 


Hydrogeyi cyanide, uam in preparation 
of phenolic aldehydes, 97, 98 
Hydrogen iodide, reaction with alco- 
hols, 85 • 

with ethers, 109, 110, 111 
with olefins, IS 
with quinones, 189 
Hydrogen ^ peroxide, reaction with 
acids, acid chlorides, acid 
anhydrides, 232, 233 
with tertiary amines, 277, 278 
with olefins, 12 

Hydrogen sulphide, reaction with 
nitriles, 258 

Hydrolysis of acetals, 109 
of acid anhydrides, 230, 231 
of acid chlorides, 228 
of amides and anilides, 219, 220 
of esters, 233 — 236 
cetyl palmitate, 234 
ethyl acetate, 233 
diethyl ester of ethylmalonic 
acid, 235 

diethyl ester of malonic acid, 234 
palm oil, 234 

halogen compounds, 369, 370 
nitriles, 240 — 251 
Hydroquinone. See Quinol. 
Hydroxamic acids, formation from 
aldehydes, 159 
from esters and amides, 200 
-p-Hydroxyacetophenone, reduction, 
132 

HydroXy-acids. See Acids, carboxylic, 
hydroxy-. 

Hydroxy -aldehydes. See Aldehydes, 
hydroxy-. 

p -Hydroxy amino- ^ - phenyl-propionic 
acid, formation, 28 
Hydroxy azo -compounds, formation, 
96, 97, 364 

p-Hydroxybenzoic acid, formation, 101 
reaction with chlorocarbonic ester, 
80 

Hydroxy -compounds, general reac- 
tions, 69 — 86 

See also under Alcohols, Ends, Phenols 
^-Hydroxyfluorene ^-carboxylic acid, 
formation, 168 

Hydroxylamine, reaction with amides, 
200 

with carbonyl group, 137, 138 
with 1 : 3-diketones, 170 
with esters, 200 
with nitriles, 258 
with unsaturated acids and 
ketones, 28 
with quinones, 183 

Hydroxylamine hydrochloride, reaction 
with benzene, 53 
with quinones, 187 


1 
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P-Hydroxylami^Oaa, formation, 311 — 
313 

4 - Hydroxy - 2 - methyJbenzaldehyde, 
formation, 98 ■ 

4:-Hydroxy-3-methyIbenzaldehyde, 
formation, 98 

S-JSydroxy-y-methyl-j^-heptanone^foTm.- 
ation, 140 

P’Hydroxy-a-naphtha2dehyde, form- 
ation, 100 

4:-Hydroxy~a~naphthaldehyde, form- 
ation, 98 

Hydroxynaphthoic acids, formation, 

101 

a-Hydroxypalmitic acid, formation, 
370 

7 -Hydroxy-2-phenyIb enzopy rylium 
chloridcy formation, 14% 
Hydroxyquinol triacetate, formation, 
184 

Hypochloroiis acid, reaction with 
tertiary amines, 276 
with olefins, 19 

Iminazoles, formation, 295, 296 
Iminazole dicarboxylio acid, for 
characterisation of amines, 261 
Iminoethers, formation, 252 
Indamine reaction, 299 
Indazoles, formation, 340 
Indene, condensation with aldehydes, 
150 

■with ethyl oxalate, 242 
reaction with hypobromons acid, 20 
1 0 dination, of arylamines, 293 
of hydrocarbons, aromatic, 45 
Iodine, detection in organic com- 
pounds, 406, 407 
reaction with acetylenes, 31 

with olefins, unsaturated com- 
pounds, 17 

with thioethers, 115, 123 
with thiols, 17, 107 
use in preparation of olefins, 90, 91 
Iodine monochloride, reaction with 
olefins, 17 

with unsatuxated acids, 212, 213 
Iodine values, determination, 212, 213 
lodoacetic acid, esters, reaction ■with 
tertiary amines, 273 
lodobenzene, formation, 45, 341 
lodo-compounds, formation from 
chloro- and bromo-com- 
pounds, SSI 

reaction with chlorine, 386 
lodo dichloridea, formation, 386 
2HodoQye\ohexanol, formation, 20 
lodohydrins, formation, 20 
lodoTKt^esitylene, 46 
lodoao -compounds, formation, 386 
lodoxy-compounda, formation, 387 
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Isomerisation of halogen compounds 
388, 389 

of nitramines, 325 
of olefins, 29 

of unsaturated acids, 29, 30 

Isoprene, reaction with p-benzo- 
quinone, 186 

with maleic anhydride, 25 

J anovshy^ 8 reaction for aromatic 
polynitro -compounds, 322 

Ketimines, formation, 135, 253 

Ketipinic acid, benzilic acid rearrange- 
ment, 169 

Ketipinic acid, diethyl ester, form- 
ation, 239 

Keto-acids. See Acids, carboxylic, 
keto-. 

Ketoanils, formation, 135 

Ketones, formation from acetylenes, 
31,32 

from acyl halides, 230 
from acids, 202 — 204 
from alcohols, 86 — 88 
from G-rignard reagents, 244 
from j8-keto esters, 217 
nitriles, 253 

general reactions, 125 — 156, 165 — 
167 

-condensation with aldehydes, 140 — 
142 

with esters, 239 — 242 
sodium derivatives of acetylenes, 
31 

Ketones, a- amino-, reaction with 
nitrous acid, 283 

Ketones, hydroxy-, general reactions, 
171— -174 

Ketones, a-hydroxy-, formation, 242 

Ketones, a^-unsaturated, reaction 
with ammonia and amines, 28 
with arylsulphinic acids, 23 
with hydrogen cyanide, 27 
■with hydroxylamine, 28 
with semicarbazide, 28 
with sulphites, 23 
isomerisation, 30 

2-KetocyQlopeniane carboxylic acid, 
ethyl ester, 238 

a-Ketotetrahydronaphthalene, form- 
ation, 50 
reduction, 131 

Konovaloff^s test for primary and 
secondary nitro- compounds, 
321 

Lactic acid, esterification, 81 
oxidation, 214 
conversion into lactide, 213 

Lactic acid, isopropyl ester, form- 
ation, 83 
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Lactones f formation from y-liydroxy- 
acids, 215 

from y-keto -acids, 218 
LcbvuUc acid, behaviour on distil- 
lation, 218 
reduction, 133 

Lead, alcoholates, formation, 71 
salts of mercaptans, preparation, 

loe 

Lederer-Manasse reaction, 102 
LiehermanrCs test for nitrosamines, 
327 

Lirnonene, reaction with hydrogen 
chloride, 19 

with perbenzoic acid, 14 

Magnesium alcoholates, formation, 70 
Maleic acid, oxidation, 12 
reaction with butadiene, 25 
with cycZopentadiene, 25 
Malonic acid, condensation with 
acetaldehyde, 147, 148 
with benzaldehyde, 148 
with n-butaldehyde, 147 
with cinnamaldehyde, 148 
with crotonaldehyde, 148 
elimination of the carboxyl group 
from, 205 

Malonic acid, diethyl ester, alkyl- 
ation, 384, 385 

condensation with acetaldehyde, 
149 

with benzaldehyde, 149 
reaction with ajS -unsaturated esters 
and ketones, 27 

synthesis of fatty acids from, 205 
Margaric aldehyde, formation, 213 
Mercaptans, formation. See Thiol- 
compounds. 

general reactions, 106 — 108 
Mercuric acetate, use in oxidation of 
olefins, 12 

Mercury diphenyl, formation, 376 
Mercury salts, addition to olefins, 24 
acetylenes, 32 
Mesidine, oxidation, 279 
Mesityl oxide, formation, 90, 143 
Mesitylene, formation from acetone, 
143 

iodination, 45 
nitration, 38, 39 

reaction with diazonium salts, 53 
sulphonation, 41 
separation from ^-cumene, 42 
Mesitylene svlphonic acid, formation, 
41 

hydrolysis, 396 

Metacetaldehyde, formation, 163 
Methoxyacetic acid, ethyl ester, 
aeetoacetic ester condensation 
of, 237 


M ethoxy acetonitrile, Reaction with 
Grignard reagent, 258 
o-Methoxyazohenzene, formation, 326 
Methylacetylene, isomerisation, 31 * 

Methylacetylurea, formation, 225 
Methylaniline, formation, 268 
action of nitrous acid, 286 
Meihylation. See Alkylation. 

M ethylation, exhaustive, 301, 302 
5-Methylazimidobenzene, formation, 
297 

5-Methylhenziminazole, formation, 296 
5-Methyl - 1 - benzyl - 2 - phenylhenzimin- 
azole, formation, 296 
y-M ethyl A^-btitene, reaction with 
sulphur monochloride, 24 
y-Methyl A^-butene, isomerisation, 29 
Methyl tQnt.-butylaniline, reaction 
with nitrous acid, 287 
Methyl xi-butyl ketone, reduction, 127 
Methyl carbonate of p-hydroxybenzoic 
acid, formation, SO 
Methyl carbonate of salicylic acid, 
formation, 80, SI 
Methyl cumidine, formation, 276 
Methyl ethyl acetylene, isomerisation, 
31 

Methyl ethyl ketone, condensation, 143 
Methyl ethyl propylamine oxide, 
formation, 278 

Methyl ethyl propyl isobutylammonium 
iodide, formation, 272 
4:‘Methyloyclohexane oxide, formation, 
13 

4-MethylcyQlohcxene, oxidation, 13 
reaction with phenols, 24 
K -Methylhydroxylamine, formation, 

312 

Methyl iodide, reaction with salts of 
acids, 201 

use in mothylation. See Alkyl- 
ation. 

Methyl P-naphthylamine, formation, 
269 

Methyl ra-nitraniline, formation, 269 
Methyl p-nitrobenzoate, formation, 
3-Methyl 5-nitroindazole, formation, 
340 

Methyl nonyl ketone, reduction to 
carbinol, 127, 131 
to undecane, 132 

Methylpentadiene, formation, 275 ^ 
Z-Methylpropionyl acetone, formation, 
104 

a-Methylpyridine, condensation with 
benzaldehyde, 150 
Methylsuccinic acid, formation, 27 
Methyl-o-toluidine, reaction with 
nitrous acid, 286 ^ 

Methyl tripropyl ammonium iodide, 
formation. 272 ♦ 
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Methylurea, formation, 266 
reaction mth nitrons acid, 222 
^ethylur ethane, reaction with nitrons 
acid, 221 

M ethylxylofuranosides, preparation, 

181 

Myristio acid, bromination, 209 
ethyl ester, reduction, 247 

Naphthalene, picrate, 60 
reduction, 59, 60 
substitution in, 61—63 
Naphthalene- ^-sulphonic acid, form- 
ation, 62 

NaphthalenesuXphonic acids, form- 
ation, 62 

alkali fusion, 397, 398 
a-Naphthaquinone, 182 

reaction with phenylhydrazine, 188 
p-Naphthol, reaction with diazonium 
salts, 283 

with nitrous acid, 93 
conversion into ^-hydroxy-a- 
naphthaldehyde, 100 
Naphjdiols, etherification by alcohols, 
77 

formation, 288, 397 
conversion into hydroxynaphth- 
aldehydes, 98 

2-Naphthol-Z-carioxyUo acid, reduc- 
tion, 245 

p-Naphthol-S-8Mlphonic acid, alkali 
fusion, 397 

a-Naphthylamine, diazotisation, 341 
p-Naphthylamine, formation, 86 
Naphthylamines, hydrolysis, 288 
Naphthylisocyanate, reaction with 
amiues, 266, 267 
p-Naphthylurea, formation, 266 
Nickel, use as catalyst in hydrogen- 
ation, 4, 5, 367 
preparation of catalyst, 5 
Nitramines, formation, 288, 290, 352 
general reactions, 324, 325 
Nitranilines. See Kitroanilines. 
Nitration, of acenaphthene, 64 
of acids, aromatic, 211 
of anthracene, 63 
of aromatic amines, 289-291 
of benzenoid hydrocarbons, in the 
nucleus, 37—39 

of benzenoid hydrocarbons, in the 
side-chain, 40 

of diaryl ethers. 111, 112, 113 
of olefins, 22, 23 
of paraffins, 2 
of phenanthrene, 64 
of phenols, 94, 95 
of^iJycTohexane, 2 

use for, of acetic anhydride and 
% nitric acid, 288 


Nitration, use of acetyl nitrate, 39 
of benzoyl nitrate, 39, 64 
of nitric acid, dilute, 2, 40, 94 
of nitric acid, concentrated, 38, 
94, 289, 290, 291 
jof nitric acid, anh/drous, 23, 39 
of nitric and sulphuric acids, 23, 
37, 38, 39, 94, 211, 289, 290 
of nitric acid and mercuric 
nitrate, 39 

of potassium nitrate and H2SO4, 
211 

of nitrates and acetic anhydride, 
39 

of tetranitromethane, 291 
Nitric acid, reaction with aldehydes, 
aliphatic, 159 
with olefins, 22, 23 
with anthracene, 63 
with diaryl ethers, 111, 112, 113 
with amines, 288-291 
with azo- compounds, 358, 359 
See also Nitration. 

Nitriles, formation, 381 

general reactions, 249 — 253, 258 
o- and p-Nitroacetanilides, formation, 
289 

Nitroacetic acid, stability, 205 
2-Nitroaceto-p’toluidide, formation, 
289 

4-Nitro-2-aminomeihylaniUne, form- 
ation, 316 , 

Z-Nitro-4-aminotoluene, diazotisation, 
337 

Nitroanilines, formation from nitr- 
amines, 325 

nitrohalogen compounds, 53 
formation from arylamines by 
nitration, 289 — 291 
See also under individual com- 
pounds. 

o-Nitroaniline, diazotisation, 343 
■m-Nitroaniline, formation, 316 
diazotisation, 338, 343 
bromination, 292 

p-Nitroaniline, diazotisation, 349, 
350 

o-Nitroanisole, formation, 76 
2-Nitroanthracene, formation, 63 
reaction with potash, 322 
4-Nitroazimidohen/zene, formation, 297 
o-Nitrohefrmildehyde, condensation 
with phenylacetic acid, 146 
reaction with diazomethane, 164 
with acetic anhydride, 156 
with acetone, 141 
reduction, 317 

m.-NitT<fbenzaldehyde, Cannizzaro re- 
action, 160 

formation of diethyl acetal from, 
154 
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’p-Nitrohenzaldehyde, reaction with 
diazomethane, 164: 
with acetic anhydride, 156 
■p-Nitrohenzaldehyde diacetate, form- 
ation, 35 

Nitrobenzene, formation, 349 

reduction, 312, 314, 315, 319, 320 
’^-Nitrobenzene sodium diazotate, 
formation, 352 

va-Nitrobenzoic acid, formation, 
■p-Nitrobenzoic acid, formation, 34 f 
p-Nitrobenzoyl chloride, reaction with 
diazomethane, 230 

Nitrobcnzoyl hydrazines, use in 
characterisation of carbonyl 
compounds, 137 

o-Nitrobenzyl alcohol, formation, 370 
m-Nitrobenzyl alcohol, formation, 160 
p-Nitrobenzyl bromide, for characteris- 
ation of phenols and acids, 201 
o-Nitrobenzyl chloride, hydrolysis, 370 
p-Nitrdbenzyl iodide, formation, 381 
reaction with silver nitrite, 383 
p-Nitrobromohenzene, reduction, 319 
o- and p-Nitrohromohenzenes, form- 
ation, 38 

Nitrocinnamic acid, reduction, 317 
o-Nitrochlorobenzene, formation, 343 
xxx-Nitrochlorobenzene, formation, 343 
p-Nitrochlorobenzene, reduction, 312, 
319 

Nitro-compounds, general reactions, 
311—324 

Nitro-compounds, primary, form- 
ation, 383, 384 

condensation with aldehydes, 
144, 145 

conversion into aldehydes, 318, 
324 

Konovaloff’s test, 321 
reaction with alkali, 320, 321 
reaction with nitrous acid, 323 
Nitro-compounds, secondary, form- 
ation, 383, 384 

conversion into ketones, 318, 324 
Konovaloff's test, 321 
reaction with nitrous acid, 323 
reaction with alkali, 320, 321 
Nitro-compounds, aromatic, form- 
ation by nitration, 37 — 40, 61, 
63, 64 

from amines by oxidation, 278, 
279 

reduction to j9-hydroxylamines, 
311—313 

to amines, 313 — 318 
to halogen-substituted amines, 
314 

to azo-compounds, 320 
to azoxy-compounds, 319, 320 
to hydrazo-compounds, 320 


Nitro-compounds, aA)matic, poly- 
nitro, reaction with alkali, 322 

Janovsky's reaction, 522 
reduction, 311, 317 
isoNitro-compovnds, formation, 320 
321 . ' 

Nitro-ra-crcsols, formation, 94 
o-Nitro-p-cresol, formation, 94 
5-Nitro-\ls-cumene, formation, 39 
Nitrodiaryl ethers, formation, 74 

2- Nitrodimcthyl-p-tolui.dine, form- 

ation, 290 

3- Nitrodimethyl-p-toluidine, form- 

ation, 291 

0- Nitrodiphenylamine, formation, 271 
Tsi-Dinitrophcnylmethane, formation 

53 

2-Nitrodiphenyls%ilp}ione, 400 
Nitro ethane, reaction with nitrous 
acid, 323 

i&oNitrocthane, reduction, 324 
p-Nitroformanilidc, formation, 289 
reduction, 314 

Nitrocyclohexane, reduction, 318 
Nitrogen, detection in organic com- 
pounds, 405, 406 

Nitrogen tetroxide, reaction with 
olohns, 20, 21, 22 

Nitrogen trichloride, addition to 
olefins, 20, 21 

Nitrogen trioxide, reaction with 
olefins, 20, 21, 22 
4:-Niiroindazole, formation, 340 
Nitrolamines, formation, 21, 22 
tp-Nitroles, formation, 323 
Nitrolic acids, formation, 323 
Nitromesidine, formation, 317 
Nitromeaiiylene, formation, 38 
Nitromethane, formation, 206 

condensation with aldehydes, 144 
with formaldehyde, 151 
reduction, 312 

1- Nitro-p~methylnaphthyl-p-toluene- 

aulphonamide, reduction, 317 
p-Nitronaphthalene, formation, 348 
reaction with potash, 322 
p-Nitrophenetole, reduction, 314, 319 
Nitrophenols, formation from phenols, 
94 

by diazo reaction, 338 
by nitration of hydrocarbons, 39 
formation firom nitrohalogen com- 
pounds, 53 
by nitration, 94 
-ni-Nitrophenol, formation, 338 
p-Nitrophenylarsinic acid, formation, 
350 

a-o-Nitrophenylcinnamic acid, form- 
ation, 146 , . 

Nitrophenylhydrazine, reaction with 
quinones, 188 
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^-Nitropheny^itromethane, form- 
ation, 383 

o~NilrophenylpropioUc acid, reduc- 
tion, 317 

Nitrophenylpyruvic acid, esters, form- 
ation, 55 

Nitrosamines, formation from second- 
ary amines, 285, 286 
from tertiary amines, 275 
from diazotates, 352 
general reactions, 327 — 330 
Nitrosates, formation, 20 — 22 
Nitrosites, formation, 20, 21, 22 
ISi-Nitrosoamides, formation, 221, 222 
general reactions, 330, 331 
p-Nitrosoamines, formation, 287 
action of alkali, 287 
Nitrosoanilides, formation from 
anilides, 221 
from diazotates, 352 
hydrolysis, 330 

Nitrosobenzene, condensation "with 
arylamines, 326 

N -Nitrosobenzoyl-o -toluidine, form- 

ation, 221 

Nitroso -text. -butane, formation, 325 
Nitrosocarvacrol, formation, 93 
Nitroaochlorides, formation, 21 
Nitroso -compounds, formation, 278, 
279 

reactions, -325, 326 
p -Nitrosodimethylaniline, formation, 
287 

condensation with 2': 4-dinitro- 
toluene, 55, 56 

5-Nitro80-eihyl-o-toluidine, formation, 
286 

Nitroso -fatty acids, formation, 218 
isoNitroao ketonea, formation, 167 ^ 
p-Nitroaomethylaniline, formation, 
328 

Nitrosomesitylene, formation, 279 
isoNitroaoethyl methyl ketone, form- 
ation, 167 

Nitroaomethylurea, formation, 222 
conversion into diazomethane, 
331 

Nitrosomethylur ethane, formation, 221 
conversion into diazomethane, 
331 

a-Nitroso-p-naphthol, formation, 93 
Nitrosopiperidine, formation, 286 
Nitroaophenols, reaction with am- 
monia, 85 
tautomerism, 93 
■p-Nitrosophenol, formation, 93 
Nitroayl chloride, addition to olefins, 
20 , 21 

P-Hitropropane, formation, 384 
cj-Kitrostyrene, formation, 144 
% reaction with potash, 323 


o- and p-Nitrotoluenea, formation, 37 
rxx-Nitrotoluene, formation, 337 
p-Nitrotoluene, oxidation, 34, 35 
reaction with oxalic ester, 55 
reduction, 319 

3- and 5-Nitro-o-toluidines, form- 
ation, 289 

4:-Nitro-o-toluidine, formation, 290 
5-Nitro-o-toluidine, oxidation, 279 
3-Nitro-p-toluidine, diazotisation, 337 
2-Nitro-p-toluidine, formation, 289 
Nitrous acid, reaction wdth amides, 
221, 222, 251 
with amines, 280 — 287 
with anilides, 221 . 
with diamines, 297 
with ketones, 167 
with phenols, 93 
Nonyl alcohol, formation, 247 

Octadecanol, formation, 248 
cyGloOctanone, formation, 203 
Octylene, formation, 90 
(Enanthaldehyde, dismutation, 161 
oxidation, 158 

reaction with diazomethane, 164 
reduction, 132 

Olefins, See Hydrocarbons, olefinic. 
Oleic acid, oxidation to dihydroxy- 
stearic acid, 12 
ozonisation of, 15 

Oleic acid ozonide, formation, 15 ^ 

Orcin, conversion into aldehydes, 98 
Oaazones, formation, 177 
Osmium tetroxide, use in oxidation of 
olefins, 12, 13 

Oxalacetic acid, ethyl ester, formation, 
239 

Oxalacetone, formation, 241 
Oxcdic acid, diethyl ester, formation, 
82, 83 

condensation with esters of fatty 
acids, 238, 239 
with ketones, 241 
with ci^cZopentadiene, 242 
reaction with ammonia, 199 
Oxalyl chloride, formation, 195 
Oxanthrone, 93 

Oxidation, acids, a-hydroxy-, 214 
acids, a-keto-, to fatty acids, 216 
alcohols to carbonyl compounds, 
(^ 5— ~88 

to acids, 88 — 89 
aldehydes, to acids, 158 — 159 
amines, 277 — 280 

azo-compounds to azoxy-com- 
ponnds, 359 
o-diamines, 297, 298^ 
diazotates to nitramin^, 352, 353 
hydrocarbons, aromatic, to acids, 
33,34 
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Oxidation y hydrocarbons, aromatic to 
aldehydes and ketonos, 35, 3() 
olofinic, to acids and aldehydes, 
14-^16 

olofinic, to glycols and othylono 
oxides, li — 14 
paraffin, 2 
cyc?ohoxano, 3 

kotonoB, a-hydroxy-, to dikotonos, 
172, 173 
sugars, 176, 177 
sulphinic acids, 400, 401 
sulphoxides, 401, 

thioothors to sulphones and sul- 
phoxides, 115 
thiols, 107, 108 
Oximes, formation, 137, 138 
Ozonides, formation and fission, 14 — 
16 

Palladium, colloidal, preparation for 
hydrogenation, 8 
use in hydrogenation, 6 — 8 
Palmitic acid, isolation from palm 
oil, 234 

bromination, 200 
Paraldehyde, formation, 162, 163 
conversion into acetaldehyde, 147, 
148 

Paraffins. See Hydrocarbons, paraf- 
fin. 

Pelargonic acid, ethyl ester, reduction, 
247 

Pentadecylcarhamic ester, formation, 
225 

Pentadecylic acid, bromination, 209 
cydioPentadiene, condensation with 
ethyl oxalate, 242 
•with ketones, 150 

reaction with maleic anhydride, 
25 

•with quinones, 186 
Pentaerythritol, formation, 151 
Pentamethylbenzene, nitration, 39 
reaction with sulphuric acid, 41 
picrate, 37 

cycloPentone- 1 -hydroxy - 1 -carboxylic 
acid, formation, 169 
cycloPentanone, formation, 169, 202 
alkylation, 165 
Peracetic acid, formation, 2S2 
reactions. See under Peracids. 
Peracids, reaction with amines. 279, 
280 

with olefins, 13, 14 
Perhenzoic acid, formation, 232 
reactions. See under Peracids. 
Perbutyric acid, formation, 233 
Perchloric acid, additive compound 
with amines, 261 
Perjormic acid, formation, 233 


Peroxides, influence on^ addition to 
olefins, 18 

Perpropionic acid, formation, 233* 
Phenanthranol, etherification, 77 
Phenanpiraquinone, formation, 61 
benzilic acid rearrangement, 168 
reaction with 1 : 2-diamines, 294. 
295 

with bisulphite, 188 
Phenanthrazines, formation, 294, 295 
Plmumthrenc, additive reactions, 60 
oxidation, 61 
picrate, 60 

reactioxx with bromine and chlorine, 
60, 64 

substitution in, 64 
synthesis of derivatives by diazo- 
reaction, 347 
Phenetole, formation, 72 
Phenol, formation, 396 
bromination, 95 

conversion into hydroxybenzalde- 
hydo, 98 — 100 

reaction with diazonium salts, 96 
Phenols, formation from sulphonic 
acids, 396 — 398 
by diazo reaction, 337 — 340 
by hydrolysis of aryl halides, 53, 
370 

general reactions, 92 — 102 
condensation with 1 : 3 -diketones, 
170 

reaction with ammonia and am- 
monium salts, 85 
with olefins, 24 
with quinones, 185, 189 
hydrogenation, 7 
Phenol ethers, foimation, 72 — 77 
reaction with diazonium salts, 97 
Phenylacetamide, formation, 250 
bromination, 223 
reduction, 249 

Phenylacetic acid, formation, 166, 250 
Phenylacetic acid, ethyl ester, form- 
ation, 251 

condensation with oxalic ester, 239 
with formic ester, 239 
with acetophenone, 241 
Phenylacetobromamide, formation, 223 
Phenylacetylacetophenone, formation, 
241 

Phenylacetylene, formation, 366 
Phenyl allyl ether, fonnation, 73 
Phenylaminoacetic acid, formation, 
127 

P-Phenylaminobutyranilide, form- 
ation, 28 

a-Phenyl-o-aminocinnamic acid, di- 
azotisation, 347 

Phenylanthranilic acid, formation, 
271 ** 
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Ph&nylhenzoal^j formation, 79 
P-Phenyl-p-hromoethyl alooholy form- 
• ation, 20 

Phmylhutene, formation, 275 
y~PhenyTbutyryl chloride^ internal con- 
densation, 50 

Phenylcarbimide, formation, 345 
reaction with amines, 266 
B-Phenyl-a-chlorob%itane, internal con- 
densation, 47 

y-PhenyUa-chlorohutaney internal con- 
densation, 48 

€-Phenyl-a-chloropentaney internal 

condensation, 47 

y-Phenyl- a.-chloropropaney internal 

condensation, 47 

a-Phenylcinnamaldehydey formation, 
139 

Phenyl iBOcrotonic acid, formation, 146 
Phenyl dimethyl allyl ammonium 
iodide, formation, 272 
Phenyl ethyl alcohol, formation, 249 
dehydrogenation, 87 
^’Phenylethylamine, formation, 251 
Phenylethylnitroaaimne, formation, 
286 

o-Phenylenediamine, reaction with 
1 : 2- diketones, 295 
with formic acid, 295 
oxidation, 297, 298 
m.~PhenyUnediamine, diazotisation, 
341 

p-Phenylenediamine, oxidation, 298, 
299 

Phenylglyceric acid, formation, 11 
Phenylhydrazine, formation, 355 
reaction with 1 : 3-diketones, 170 
with a-hydroxyaldehydes, 172 
with reducing sugars, 177 
with quinones, 183, 187 
Phenylhydrazones, formation, 136 
^‘Phenylhydroxylamine, formation, 
312 

Phenyl- p ‘hydroxy vinyl ketone, form- 
ation, 242 

Phenyl iodochloride, formation, 386 
Phenylmethylhydrazine, formation, 
330 

Phenylnitramine, formation, 353 
rearrangement, 325 
Phenylnitromethane, formation, 384 
Phenylparaconic acid, formation, 146 
Phenylcyclopropane, formation, 47 
p-Phenylpropionic acid, formation, 9 
8-Phenylpropionyl chloride, internal 
condensation of, 49 
Phenylquinonedi- imine, formation, 

279 

PJifnylthiocyanate, formation, 345 
Pken^U&othiocyanate, reaction with 
• amines, 267 


Phenyl undecyl ketone, alkylation, 
165 

Phenylurea, formation, 266 
Phloracetophenone, formation, 99 
Phloroglucinol, alkylation, 75, 77 
conversion into phloracetophenone, 
99 

into phloroglucinaldehyde, 98 
Phorone, formation, 143 
imPhorone, formation, 143 
Phosphorus, detection in organic 
substances, 407 

Phosphorus halides, reaction with 
acids, 194 , 195 
with amides, 225, 226 
with benzoylpiperidine, 276, 277 
with ^-carbethoxybenzanilide, 
226 

with cinnamanilide, 225 
with hydroxy-compounds, 83 
with phenolic acids, 215 
with nitrophenols, 56 
use as halogenating agents, 1 14 
Phthalic acid, conversion into anhydr- 
ide, 196 
nitration, 211 

iBoPhthalic acid, dimethyl ester, form- 
ation, 212 

Phthalic anhydride, formation, 196 
reaction with alcohols, 231 
with amines, 198, 231 
in Friedel-Crafts reaction, 50 
A^-tetrahydro-, formation, 25 * 

3 : 6-endomethylene-A^-tetra- 
hydro-, formation, 25 
Phthalimide, alkylation, 226, 227 
conversion into anthranilic acid, 
224 

Phthalimide, potassium, formation, 
228 ^ 

Picramide, diazotisation, 284 
Picric acid, formation by hydrolysis, 
54, DO, 288 

use for characterisation of aromatic 
hydrocarbons, 37 

use for characterisation of amines, 
261 

reaction with phosphorus halides, 
56 

reduction, 316 

Picrolonic acid, use for characteris- 
ation of amines, 261 
Picryl chloride, formation, 56 
Pimelic acid, diethyl ester, internal 
condensation, 238 
Pinacone, formation, 128 

dehydration to dimethylbutadiene, 
91 

Pinene, reaction with nitrosyl chlor- 
ide, 21 

wdth sulphurous acid, 23 
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PinmenitTolpiperidine, formation, 22 
Pinenenitrosochloride, formation, 21 
reaction with piperidine, 22 
Piperazine, formation, 300 
Piperidine, formation, 299 

reaction with nitrous acid, 286 
benzoyl derivative, reaction with 
phosphorus pentachloride, 276, 
277 

Piperonnl, reduction, 128 

formation of diethyl acetal, 154 
Platinum, colloidal, for catalytic 
hydrogenation, preparation, 7, S 
Polymerisation of aldehydes, 163, 164 
olefins, 9 

Polyoxymethylenes, formation, 163, 
164 

Propionic acid, ethyl ester, aceto- 
acetic ester condensation of, 

237 

condensation with oxalic ester, 

238 

Propionyl acetone, formation, 240 
Propionylpropionic acid, esters, form- 
ation, 237 

Propylacetylene, isomerisation, 30, 31 
n-Propylamine, reaction with nitrous 
acid, 281 

jx-Propylaniline, formation, 269 
’ n-Propylhenzene, oxidation, 35 
i&oPropylbenzene, formation, 46 
n-Propyl hromide, reaction with 
' phthalimide, 227 
isoPropyl hromide, formation, 17 
n- and iao-Propyl bromides, isomeris- 
ation, 388 

Propylene, addition of hydrogen 
bromide, 17 

reaction with sulphur mono- 
chloride, 24 

Pyrazolines, formation, 357, 358 
Pyridine, reaction with acid chlor- 
ides, 26o 

use in preparation of unsaturated 
compounds, 366 
in acylation, 79, 80 
in preparation of acyl cyanides, 
229 

Pyrogallol, formation of aldehyde 
from, 98 

Pyrollidines, formation, 299, 372 
Pyruvic acid, formation, 214 

condensation with cinnamaldehyde, 
216 

Quaternary ammonium salts, form- 
ation, 272, 273 
reactions, 300 — 302 
Quinhy drones, 189 
Quinol, formation, 182 
diacetate, formation, 78 


Quinol, sulphonic acid, formation, 182 
Quinoline, use in preparation of 
unsaturated compounds, 366 
Quinones, formation from arylamines. 
280 

from p-diamines, 298, 299 
reactions, 181 — 189 
combination with benzenoid hydro- 
carbons, 37 

-Quinones, formation from aliphatic 
1 : 2-diketoncs, 169 
o-Quinone diimine, formation, 298 
Quinone monoximes, formation, 187 
tautomerism, 93 
Quinoxalinc, formation, 295 
Qiiinoxalines, formation, 294, 295 

Pearrangemmt, intramolecular, of 
alkylanilines, 274 
of chloramines, 223 
of hydrazo-compounds, 360, 361 
of nitrosamincs, 328, 329 
of nitramines, 325 

Reduction of aldehydes. See Car- 
bonyl group. 

of acids. See Carboxyl group, 
of amide to amine and alcohol, 
249 

of azomethinos, 270 
of carbonyl group to carbinol, 
127—131 

of carbonyl group to methylene, 
131—133 

of carboxyl group to aldehyde, 

245, 240, 247 

of diazo-oompounds to aryl hydr- 
azines, 354, 355 
of esters to alcohols, 247, 248 
of iminochlorides to azomethines, 

246, 247 

of nitriles to aldehydes, 253 
of nitriles to amines, 251, 252 
of nitro-group to hydroxylamino-, 
311, 312 

to aminos, 312 — 318 
to azo-, azoxy-, hydrazo-, 318 — 
320 

of nitrosoanilides, nitrosoamides, 
331 

of nitrosoamines, 328, $29, 330 
of quinones, 182, 183 
of sulphonamides to thiols, 395 
of sulphonyl chlorides to thiols, 394 
to sulphinic acids, 394 
of unsaturated compounds, 4 — 9, 
28, 29 

Reformatski's reaction, 153 / 
Reimer-Tiemann reaction, "ioT prepar- 
ation of aldehydes, 99, 100^ 
for preparation of acids, IGl • 
Eesacetophenone, formation, 99 m 
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ResorcznoL, miration, 94 

reflection with dia 2 oniuni salts, 96 
conversion into resacetophenone, 

into resorcylaldehyde, 98 
Resorcylaldehyde, formation, 98 

condensation with acetophenone, 
142 

Resorcylic acid, formation, 101 
reaction with diazonimn salts, 97 

Saccharic acid, formation, 177 

Sajranine, 299 

Sajrole, isomerisation, 29 

reaction with hypobromons acid, 20 
reduction, 9 

Salicylaldehyde, formation, 100, 245 
condensation with acetic acid, 146 
with oi : 4-dimethoxyacetophen- 
one, 142 

with hydrindone, 141, 142 
Salicylic acid, formation, 100, 101 
reduction, 245 

reaction with phosphorus halides, 
215, 216 

with chlorocarbonic ester, 80 
Saponification 'value, 235 
Selenium, use in dehydrogenation, 3 
Semicarhazide, reaction with carb- 
onyl compounds, 137 
with unsaturated ketones and 
aldehydes, 28 

Semicarbazones, formation, 137 
Semidine, 360 

Semioxamazide, reaction with carb- 
onyl compounds, 137 
Sodium, use in reduction of carbonyl 
compounds, 127 
of esters, 247, 248 
of unsaturated compounds, 8, 9 
Sodium alkoxides, preparation, 69, 70 
Sodium bisulphite, reaction with 
carbonyl compounds, 125, 126 
with unsaturated compoimds, 23 
Sodium ethoxide, formation, 242 
Sorbic acid, formation, 148 
Sorbyl alcohol, formation, 130 
Styphnic acid, formation, 94 

addition to polycyclic hydro- 
carbons, 60 

Styrene, formation, 206 

reaction with amines, phenols and 
aromatic hydrocarbons, 24 
with hydrogen bromide, 17 
with hypobromous acid, 20 
with perbenzoic acid, 13 
with sulphur monochloride, 23 
reduction, 9 

Styrene oxide, formation, 13 
Suherik acid, diethyl ester, internal 
^ condensation, 238 


Substitution, in amines, aromatic, 
289—293 

in acids, aromatic, 211, 212 
fatty, 209, 210 

in hydrocarbons, aromatic, nuclear, 
37—53, 61—64 

aromatic, side-chain, 39, 40, 

44 

in paraffins, 2 
in phenols, 93 — 102 
Succinic acid, condensation with 
benzaldehyde, 146 
conversion into aiiiydride, 196 
Succinic anhydride, formation, 196 
in Friedel-Crafts reaction, 51 
Succinyl succinic acid, esters, form- 
ation, 238 

Sugars, reducing, reactions, 174 — 
181 

Sulphinic acids. See Acids, sulphinic . 
Sulphonal, formation, 115 
Sulphonation, of benzene and its 
homologues, 40 — 42 
of aeenaphthene, 64 
of anthracene, 64 
of phenanthrene, 64 
of naphthalene, 62 
apparatus for, 41 

using sulphuric acid, 40 — 42, 62, 
64 

using chlorosulphonic acid, 42 
Sulphones, formation from thio- 
ethers, 115 

from sulphinic acids, 399, 400 
Sulphones, formation from 2 : 4-di- 
nitrophenyl ethers, 115 
Sulphonic acids. See Acids, sul- 
phonic. 

Sudphoxides, reactions, 401 
Sulphur, detection in organic sub- 
stances, 406, 407 
use in dehydrogenation, 3 
Sulphur monochloride, reaction with 
olefins, 23, 24 

Sulphuric acid, action on * cyclo^ 
hexane, 3 
on durene, 41 
on ethers, 109, 113 
on paraffins, 1 
on pentamethylbenzene, 41 
on nitramines, 325 
on nitrosamines, 327 
on olefins, 9, 10 

use in sulphonation. See under 
sulphonation, 

m.e^oTartaric acid, formation, 12 
aSyS- Tetrab romobutane, r e duction, 

368 

Tetracetylglucosyl bromide, formation, 
179 
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TetracQtylglucosyl bromidef reaction 
with hydroxy compounds, 1 79, 
ISO 

Tetmliydroantliraqiiino ne, formation, 
ISO 

Tetrahydronaphthalene, formation, 47, 
59 

A.^-Tetrahydropht7ialic anhydride^ form- 
ation, 25 

1:2:3: 4^-T etramethyl benzene, form- 
ation, 41 
picrate, 37 

Tetramethylenediamine, anhydro base 
from, 296 

Tetmnitromethane, reaction with ter- 
tiary amines, 275, 291 
use as a reagent for unsaturation, 
4 

Thioacetie acid, use as acetylating 
agent, 262 

Tliio-p-cresol, formation, 395 
oxidation, 107, 108 
Thiocyanogen, addition to olefins, 17 
Thioethera, formation, 100 
general reactions, 114, 115, 123 
Thioglycollic acid, oxidation, 116 
Thionyl chloride, reaction with acids, 
195 

with alcohols, 84 
with phenolic acids, 216 
Thionyldiglycollic acid, formation, 115 
^hioaemicarhazide, reaction with 
carbonyl compounds, 137 
Thymol, chlorination, 95 
nitration, 94: 

conversion into aldehyde, 98 
Thymoquinone dioxime, formation, 
187 

Titanoue chloride, use in reducing 
nitro -compounds, 317 
Toluene, formation, 337 
chlorination, 44 
nitration, 37, 38, 39, 40 
sulphonation, 41, 42 
Friedel-Crafts reaction, 49 
p -Toluenesulphonamide, re duct ion, 

395 

'p-Toluenesulphonic acid, formation, 
3, 41 

alkali fusion, 390 
hydrolysis, 396 

'p-TolueneavZphonic acid, esters, re- 
action with tertiary amines, 
272 

'P‘Tolueneaulphonyl bromide, form- 
ation, 108 

o- and p-Toluenesulphonyl chlorides, 
formation, 42 
reduction, 395 

o-Tolwidine, diazotisation, 343, 344 
acetylation, 265 


p-Toluidine, brominatiVn, 29<. 
diazotisation, 33S, 344, 350 
nitration, 289 » 

Tohiidinea, nitration, 290 ^ 

0‘Tolunitrile, formation, 344 
p-Toluquinone, formation, 280 
3 : 4‘Toluylcnediamine, reaction with 
1 : 2-diketones, 294, 295 
reaction with formic acid, 296 
o-Tolykddehyde, acyloin condens- 
ation, 161 

p-Tolylaldehydc, formation, 35 
acyloin condensation, 161 
p-Tolylarsihic acid, formation, 350 
p-Tolyl ryicthyl ketone, formation, 49 
o-Tolylmet.hylnitrosa77iine, formation, 
2S6 

p-Tolylnitramine, methylation, 324 
o-Tolylurea, formation, 266 
3:4: (^-Triacctylghicosyl chloride, re- 
action with alcohols, 179 
Triisoamylaniine, reaction with alkyl 
iodides, 273 

a-Triazonaphthalcne, formation, 341 
2:4: Q-Tribromoaniline, 293 
acetylation, 265 

Tribromoethyl alcohol, formation, 130 
2:4: 6~Trihromoethylaniline, form- 
ation, 292 

2:4: (i’-Tribromo-Z^nitroaniline, 
formation, 292 

Trichloroacetic acid, electrolysis, 204 
2-Trichloroacetyl-Z : 4 : Odriacetyl 

glucosyl chloride, formation, 
179 

pPy^Trichlorobutyl alcohol, formation, 
130 

Trichloro ethyl alcohol, formation, 130 
2:4: ^'Trichlorophenylrnethylnitr- 
amine, formation, 288 
Triethyl carbinol, formation, 152 
Triethylamine, reaction with acid 
chlorides, 265, 266 
Trimethylamine, oxidation, 277 
Trimeihylamine oxide, formation, 277 
Trimethylethylene, formation, 90 
reaction with hypobromous acid, 20 
with nitric acid, 23 
with nitrogen peroxide, 22 
with nitrosyl chloride, 21 
with nitrous fumes, 22 
with phenols, 24 
with sulphur monoohloride, 24 
Trimethylethylene nitrolaniline, form- 
ation, 22 

Trimethylethylene nitrosite, formation, 
22 

Trimethylethylene nitroaochloride^ 
formation, 21 

Trimethylene dibromide, replabuxt 
of halogens, 72, 364, 365 
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TnuMethylem ine, auhydro-base 

Dm, 

. ...^...^leneglycol, formation, 364 
: 4 f Q-Trinitroaniline, action of alk- 
ali, 288 

diazotisation, 284 

2:4: 6-Trmitroamsole, replacement 
of alkoxy-group, 55 
2:4: 6-Trmitrobenzaldehyde, reaction 
with amines, 134 

1:2: d-Trinitrobenzene, reaction with 
sodium methoxide, 55 
1:2: 4:-Trinitrobenzene, reaction with 
sodium methoxide, 55 
1:3: 5~Trinitrobenzenej formation, 
208 

combination with amines, 261 
with aromatic hydrocarbons, 
37 

reaction with alcoholic potash, 
322 

2:4: d-Trinitrohenzenediazonium sul- 
phate, formation, 284 
reaction with mesitylene, 53 
2:4: d-Trinitrohenzoic acid, form- 
ation, 34 

3:4: Q-Trinitrobromohenzene, reaction 
with sodium methoxide, 58 
2:3: 4’Trinitrochhrobenzene, reaction 
with sodium methoxide, 58 
2:3: 5-Trimtrochlorobenzeiie, reaction 
with sodium methoxide, 58 
3:4: Q-Trinitrochlorobenzene, reaction 
with sodium methoxide, 58 
2:4: Q-Trinitrophenol. See Picric 
acid. 

2:4: Q-Trinitrophenyl-n-butyl nitr- 
amine, formation, 290 
2:4: 6-Trinitroresorcinol. See 

Styphnic acid. 

Trinitrothymol, formation, 94 
2:4: ^-Trinitrotoluene, formation, 38 
oxidation, 34 

combination with amines, 261 
Trioxymethylene, formation, 163 
reaction with Grignard reagent, 152 
Triphenylamine, 260 
1:3: 5-Triphenylbenzene, formation, 
144 , 

Triphenylcarbinol, formation, 370 
Triphenylmethane, formation, 47 


Triphenylmethyl chloride, formation, 
47 

hydrolysis, 370 
formation of ethers from, 76 
Tristriazomesitylme, formation, 341 

n-XJndecane, formation, 132 
Undecenoic acid, addition of hydrogen 
bromide, 18 

Unsaturation, tests for, 4 
determination of, 16 
Ureas, substituted, formation, 266 
Urea chloride, use in Friedel-Crafts 
reaction, 52 

Urethanes, formation from amides, 
224, 225 

isoValeraldehyde, formation of diethyl 
acetal from, 154 

isoValeramide, reaction with hypo- 
bromite, 225 

Valeric acid, formation, 249 
potassium salt, electrolysis, 204 
isoFaZenc acid, ethyl ester, aceto- 
acetic condensation of, 237 
Vanillin, reduction, 133 
Veratrole, formation, 75 
Vinyl bromide, addition of hydrogen 
bromide, 18 

Wurtz synthesis, 378 

Xanthone, formation, 216 
o-Xylene, bromination, 44 
m-Xylene, bromination, 44 
p-Xylene, oxidation, 35 
iodination, 45 
Xylitone, formation, 143 
Xylorcin, conversion into aldehyde, 98 
p-Xyloquinone, formation, 280 
p-Xyloquinone, mono- and di-oximes, 
formation, 187 

Xylose, formation of y-methylxyloside 
from, 181 

m-Xylylaldehyde, formation, 51 
o-Xylylene dibromide, reaction with 
amines and ammonia, 372, 373 

Zeisel estimation of methoayl, 109, 110 
Zinc alkyl halides, formation, 375, 376 
reaction with acyl halides, 230 



